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CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATED

WATER -QUALITY UNITS

Multiply By To obtain
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
million gallons (Mgal) 3,785 cubic meter
million gallons per day 0.04381 cubic meter per second
(Mgal/d)

Abbreviated water-quality units: Chemical concentrations are reported in
milligrams per liter (mg/L}.

Sea level: In this report, "sea level" refers to the National Geodetic
Vertical Datum of 1929--a geodetic datum derived from a general adjustment

of the first-order level nets of the United States and Canada, formerly
called Sea Level Datum of 1929,




SELECTED HYDROGECLOQGIC AND CHLORIDE-CONCENTRATION DATR FOR THE

NORTHERN AND CENTRAL COASTAL AREA OF NEW CASTLE COUNTY, DELAWARE

By Martha A. Hayes, Scott W. Phillips, and Judith C. Wheeler

ABSTRACT

This report summarizes and presents existing hydrogeologic and
chloride-concentration data from the northern and central copastal area of
New Castle County, Delaware. The report was prepared as an initial stage to
evaluate the effects that the proposed deepening of the main navigational
channel of the Delaware River would have on ground-water resources in
Delaware. The study area was defined on the basis of current and projected
ground-water usage from aquifers known or thought to be in hydraulic contact
with the Delaware River. The report includes maps that show the location of
the study area and associated geologic and hydrclogic characteristics.
Tables listing hydrologic characteristics, water use, annual ground-water
withdrawals, and chloride~concentration data for the study area alsoc are
included.

INTRODUCTION

The U.S. Army Corps of Engineers (COE)}, Philadelphia District, is
evaluating the possibility of making improvements to the main navigational
channel of the Delaware River. These improvements could include deepening
the channel from the existing depth of about 40 ft below mean-low water (MLW)
to about 45 ft below MLW, thereby extending navigable deep water from
Delaware Bay to Philadelphia, Pa., and Camden, N.J. Many public and private
ground-water supplies have been developed adjacent to the Delaware River in
the reach where channel improvements are being considered. There are
concerns that deepening the channel may adversely affect ground-water
supplies developed in the adjacent Coastal Plain aquifers of Delaware. The
Potomac aquifer system is of particular interest because it is the sole-
source ground-water supply for northern New Castle County. A previous study
(Phillips, 1987) has documented brackish-water intrusion from the Delaware
River into aquifers of the Potomac Formation in northern New Castle County.
The Magothy and Englishtown-Mount Laurel aquifers are sources of water in the
southern part of the county below the Chesapeake and Delaware Canal {(C&D
Canal). Water quality in these aquifers and the PGtomac aquifers could be
affected if channel deepening causes salinity in the river and the C&D Canal
to increase. Some of that water could infiltrate intc adjacent aquifers,
causing an increase in chloride and sodium concentrations.




The amount of water infiltrating from the Delaware River into the
Potomac and other .agquifers and the water’s subsequent effect on ground-water
quality is dependent on four factors: (1) the depth and distribution of the

aguifers relative to the river channel, (2) the nature of the sediments
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overlying the aquifers where they extend under the river, (3) the direction
and magnitude of the hydraulic gradient between the aquifers and the river,
and (4) the gsalinity of the river water. Deepening the channel. could affect
factors 2 and 4 above. Dredging could breach confining layers of fine-
grained relatively impermeable sediments under the river, which would provide
a conduit for river water to flow into underlying aquifers. Removing 5 ft of
bottom material from the river could cause higher salinity water to encrcach
farther upstream in the river and the C&D Canal. If this water migrates into
the am_;;fers it counld pvpnt—ua]lv cause increased c-.a‘l:nn'v in areas currently
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experiencing brackish-water intrusion. Even without deepening the channel,
the hydraulic gradient hetween the river and aquifer (factor 3), which now is
from the river into the aquifer in many places, is likely to increase because
of higher rates of ground-water pumpage in New Castle County. Water-level
data for the aquifers that are needed to evaluate the hydraulic gradient are
presented in this report. Existing data related to factors 1 and 2 also have
been compiled in this report and are presented along with chloride-

concentration data (an indication of salinity) for the study area. This
study was done in cooperation with the U.S5. Army Corps of Engineers.

Purpose and Scope

This report presents available hydrogeologic and chloride- .
concentration data for the coastal area of northern and central New Castle
County, Del. Data for the depth and distribution of aquifers and confining
units, the aquifer and confining-unit sediments, water-level data within
a(']'l_!lfers and existing salinity distributions in grnnnd water and river water
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are presented. Maps are provided to show the location of the study area and
its asscociated geologic and hydrologic characteristics. Tables list
information about the hydrogeologic characteristics, water use, annual
ground-water withdrawals, and chloride-concentration data for the study area.

Description of Study Area

The study
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underlying the Delaware RLver. The study area lies in northern and central
New Castle County, Del., and is bounded approximately on the west by U.S.
Route 13, on the east by the Delaware River, on the north by the Christina
River, and on the south by the Appoquinimink River {fig. 1). These
boundaries were chosen to include the parts of aquifers where most of the
pumpage in this area of the State occurs. Topography is relatively flat to

gently rolling, with land-surface elevations ranging from sea level to about

80 ft above sea level. The area is underlain by unconsclidated sediments of

the Atlantic Coastal Plain Physiographic Province that form a wedge-shaped
deposit of highly variable permeability (Cushing and others, 1973). The
Coastal Plain sediments range in thickness from a few feet at the Christina

River to approximately 1,600 ft at the Appoquinimink River (Sundstrom and
Pickett, 1971).
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Conceptual Models of Saltwater Intrusion

Brackish water, which is water with salinity and corresponding
chloride concentrations between that of normal seawater and that of normal
freshwater (Bates and Jackson, 1987),.is found in the aquifers adjacent to
the Delaware River under three conditions: Infiltration from the river
{(Phillips, 1987); leakage from landfills; and at depth, as naturally occuring
brines in the southernmost part of the study area {Sundstrom and Pickett,
1971; Groot, 1%983). The focus of this report is on conditions related to
potential brackish-water infiltration from the Delaware River. Elevated
chloride concentrations caused by landfills and the formation of brines at
depth are not related to conditions in the Delaware River and are not
presented in this report.

Ground-water-flow directions under steady-state (prepumping) and
pumping conditions are shown in figures 2a and 2b, respectively. These
simplified flow models show the primary hydrogeologic factors that influence
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brackish water from the Delaware River into the underlying
aquifers. These factors include (1) water levels in the aquifers relative to
sea level, (2) the distribution of aquifer outcrop and subcrop areas and
overlying confining units, (3) the nature of bottom sediments in the bay, -and

{4) the distribution of and sedimentary sequence in paleochannels and dredged
channels.

Water levels in the agquifers exert: the major control on river-water.
intrusion and are strongly related to pumping. A typical flow regime under
steady-state {prepumping) conditions is shown in figure 2a. As fresh ground
water is withdrawn from the aquifers, water levels decline, often-to below
sea level. As this happens, directions of flow change until a new equili-
brium between hydraulic heads in the agquifers and the bay is established. &

typical flow regime under pumping conditions is shown in figure 2b.

The distribution of aguifer outcrop and subcrop areas and overlying
confining units plays an important role in determining the degree to which
brackish-water intrusion is .likely to occur. Where aquifers crop out. or
subcrop in Delaware Bay and chloride concentrations in the river are higher
than in the ambient ground water, brackish water (which is denser than
freshwater) can flow downward into the aquifer. If the hydraulic head in
the aquifer is sufficiently high, or low permeable silt and clay confining

units crop out or subcrop in the bay above the aquifer, brackish-water
intrusion is retarded.

Sediments are deposited in the bottom of the bay by fluvial and tidal
action. The nature of these sediments affects the ease with which brackish
water is able to intrude into the aquifers. If the bottom sediments consist
of silt, clay, or organic ooze, hydraulic conductivity is apt to be low, and
brackish-water- intrusion is inhibited. Conversely, if the bottom sediments
consist of sand and gravel or are relatively thin, brackish-water intrusion
is apt to be facilitated.

The distribution of paleo- or dredgea channels affects the brackish-
water intrusion because the creation of channels can remove confining units.
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Figure 2. Schematic diagrams showing ground-water-flow directions under (a) steady-state and
(b) pumping conditions. (from Phillips and Ryan, 1989)



This changes the distribution of aquifer outcrop at these locations. and can
expose areas of high. permeability and relatively low hydraulic head to the
river and facilitate the flow of brackish water intoc the aquifer.

Rates of change in flow direction are determined by the relative
elevations of the water level in the river and the aquifer, the orientation
and physical characteristics of the aquifer, the distance to a pumped well
from the zone of hydraulic contact, and the rate of recharge to and discharge
from the aquifer. Ground water generally moves very slowly. Years, decades,
or centuries may pass before brackish water reaches a well.

Previous Investigations

Numerous investigations related to ground water have been conducted in
the study area. The investigations can be organized into five categories:
(1) General geoclogy and hydrology; (2) ground-water resource information;

{3) investigations and compilations of ground-water quality; (4) investi-

5 ; . ; : . .
gations and compilations of water guality in the river;, and {5} guantitative

investigations of ground-water flow, including intrusion of river water intc
the Potomac aquifer.

(1) Results of studies of the general geology and hydrology of the
study area have been reported by Jordan and Groot (1962), Bonini
{1967), Spoljaric (1967), Spoljaric and Woodruff (1970), Owens
and others (1970), Pickett (1970), Pickett and Spoljaric (1971},
Cushing and others (1973}, Woodruff (1981 and 1986), Duran
(1986), Trapp (1992}, and Vroblesky and Fleck (1991}.

(2) General ground-water resource information has been reported by
Marine and Rasmussen (1955), Rasmussen and others (1957), Rima

' and others (1964}, Sundstrom and others (1967), Sundstrom and
Pickett {1971), Groot and others (1983), Knobel (1985), Talley

{1978 and 1988B), Frick and Shaffer (1977), and Metcalf & Eddy
{1991a and 1991b).

{3) Investigations and compilations of ground-water quality have
been reported by Groot and Beamer (1958), Woodruff (1969 and
1970), Apgar (1979), Groot {1983), Talley (1985), Avery and
others (1993), and Bachman and Ferrari (1995).

{4) Investigations and compilations of water quality in the river
have been reported by Cohen (1957), Martin and Denver (1982},
Hull and Titus (1986), Phillips (1987), Delaware River Basin

Commission (1989), DiLorenzo and others (1993}, and White
(1993).

(5} Quantitative investigations of ground-water flow have been
reported by Ambrose and others {1980), Apgar and Panigrahi
(1982), Martin and Denver (1982), Martin (1984), Phillips
(1987), and Avery and others (1994), who evaluated the area
along the reach of the Chesapeake and Delaware Canal.

The results of these investigations as they relate to the current project are
presented in this report.
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HYDROGEOLOGIC DATA

Relatively impermeable crystalline basement rocks in the study area
slope seaward and are overlain by a wedge-shaped deposit of unconsolidated
sediments of highly variable permeability (Cushing and others, 1973). This
deposit ranges in thickness from a few feet at the Christina River to
approximately 1,600 ft at the Appoquinimink River (Sundstrom and Pickett,
1971). The sediments consist of a system of unconsolidated sand and silty
clay that represent cycles of marine transgression and regression interrupted
by erosional and depositional unconformities. In the study area, a series
of aquifers and confining units can be defined in these sediments on the
basis of their mineralogic, structural, physical, and chemical properties.
Many of these properties were determined by the depositional environmentsg of
the aquifers. These depositional environments ranged from fluvial {Potomac
Formation) through marginal-marine (Magothy. Formation), to marine (Matawan,
Monmouth, and Rancocas Groups) (Spoljaric and Jordan, 1966). These sediments
are overlain unconformably by the fluvial deposits of the Columbia Formation.

Surficial deposits of the Columbia Formation blanket most of the study

- area. The thickness of these deposits is highly variable, reflecting the

occurrence of the sediments as fillings of former stream valleys (paleo-~
channels) {Jordan, 1964}. Several paleochannels were exposed by the con-
struction of the C&D canal (fig. 1). The channels range up to more than half
a mile in apparent width and cut inte the underlying formations from eleva-
tions of 40 to 70 ft above sea level down to tens of feet below sea level.
Paleochannels are found in many locations all over the study area and form a
locally productive water-table (unconfined) aquifer that provides. recharge to
underlying confined aquifers where they subcrop.

Ground water in the study area flows in water-table and confined
agquifers. Several confined aquifers crop out or subcrop beneath the Columbia
Formation in the study area. The geologic units that contain these aquifers
include the Potomac Formation, Magothy Formation, Matawan Group (Englishtown
Formation), Monmouth Group (Mount Laurel Formation} and Rancocas Group
(Vincentown Formation). The distribution of these units (with the Columbia
Formation removed} is shown in figure 3. The relation between the strati-
graphy and the water-bearing properties of the aquifers in New Castle County
is summarized in table k. Each of the agquifers in the study area is
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Figure 3. Geology of Delaware within the northern and southern boundaries of the study area.
{modified trom Sundstrom and Pickett, 1971; and Bachman and Ferari, 1995).



Table 1. HKydrostratigraphy of central New Castle County, Delaware
System Series Stratigraphic unit | Hydrostratigraphic division Lithology Water-bearing properties
Delaware {New Jersey)
Quaternary Holocene Holocene sediments Silt, sandy silt, silty Leaky confining unit
sand, some gravei, abundant
and organics, some peat
Pleistocene Columbia Group Columbia agquifer sarci, gravel, some clay, Water table aquifer, usually
(Rolly Beach aguifer) dominantly quarti; fluvial surficial, often in hydraulic
connection with an underlying
unit, large quantity of water
where thickness is greater
than 40 ft
Tertiary Miocene Calvert Formation Confining unit south of Silty clay; marine Confining unit
Appoquinimink River
Paleocene Rancocas Group Rancocas aquifer Quartz; silty, glauconitic Sandy zories function as
(Vincentown aquifer) sand; marine aquifers
Cretaceous Upper Mormouth Group Englishtown-Mt. Laurel Medium-coarse sand with
jfer system . glauconite, fossils, some
and (Wenone-Mt.Laurel aguifer silt; merine sandy zones function as
and . . aquifers interbedded with
Matawan Group Englishtown aguifer system) | Fine sand and silt, leaky confining units
micaceous and glauconitic;
marine
Lower Magothy Formation Magothy aquifer Silty clay with interbedded Kydraulically connected to

(Upper Potomac-Raritan-
Magothy [PRM]
aquifer system)

sand, predominantly quartz
and kaolinite; marginal
marine

upper Potomac aquifer

Potomac Formation

Upper, middle, and lower
Potomac aquifers
(Middle and lower PRM
aquifer system)

Quartz sand with some gravet,
variegated silt and clay, some
beds of gray clay; fluvial

Sandy zongs function as
aquifers in lower, middle,
and upper parts of Potomac
Formation

Pateozoic and
Precambrian

Crystalline rocks
(basement)

Confining unit
(basement)

Complex assemblage of igneous
and metamorphic rocks

‘Not an important aquifer

in the Coastal Plain




described in more detail in the following sections, from north to south in
order of subcropping. Particular emphasis is placed on the uppermost aquifer

‘directly underlying the Delaware River and its river-channel deposits.

The geology of the study area (fig. 3) and the available cross
sections of the river indicate that the Delaware River might cross outcrops
of the Potomac, Englishtown-Mt. Laurel, and Rancocas aquifers (Sundstrom and
Pickett, 1971; Frick -and Shaffer, 1977; Phillips, 1987; Bachman and Ferrari,
1995). As shown in table 1, Holocene sediments of various thickness overlie
most of these geologic formations. The Potomac aquifers underlie the river
from about 3 mi northeast of Wilmington to about 4 mi southwest of New Castle
{fig. 1). The Englishtown-Hount Laurel aguifers underlie the river from
about 3 mi upstream of the C&D Canal to about 3 mi downstream of the canal.
The Rancocas aquifer underlies the river between the C&D Canal and the
Appoquinimink River. The Piney Point Formation consists of the Piney Point
aquifer (Cushing and others, 1373). The Piney Point aquifer is not a
significant source of water in the study area (Leahy, 1982). The Piney Point
aquifer is not in hydraulic connection with Delaware Bay (Cushing and others,
1973) and is not thought to be recharged by bay water.

Aquifers in the Potomac Formation

The predominantly fine-grained sediments of the Potomac Formation
were deposited by a stream system of coalescing alluvial fans and exhibit
considerable vertical and horizontal variability (Sundstrom and others,
1967). Several aquifers of highly variable transmissivity separated by
generally continuous confining units have been identified (Martin and Denver,
1982). Martin (1984) found that most of the recharge for the Potomac
aquifers occurred at or near the land surface where the. agquifers crop out or
subcrop below the unconfined aquifer or a confining unit. Water in these
aquifers that is not affected by pumpage flows southeast and eventually
discharges into overlying sediments and the Delaware River (Phillips, 1987).

Previous workers have divided the Potomac Formation into a hydrologic
system with either two or three aquifers. Rasmussen and others (1957)
divided the Potomac Formation into lower, middle, and upper Potomac aquifers.
Sundstrom and others (1967} divided the Potomac Formation in the C&D Canal
area into upper and lower aquifers. Woodruff (1985) agreed that most of the
Potomac Formation is characterized by two aquifers, but found evidence to
support the three-aquifer interpretation in some areas in New Castle County.
Martin (1984) and Phillips (1987) also identified three aquifers in the
formation and used them as a basis for a digital flow model of the Potomac

Formation in New Castle County. The three-aquifer interpretation is used in
this report (fig. 4}).

Delineation of the lower Potomac aquifer north of the Delaware
Memorial Bridge is difficult because of the lack of data. Data from Duran
{1986) that were collected by use of marine seismic-reflection and electro-
magnetic-conductivity techniques indicate that, north of the Delaware
Memorial Bridge, the Potomac Formation is mostly fine grained and consists
of relatively thin and discontinuous sand bodies. Analysis of these data

indicate that the lower Potomac aquifer underlies the river directly in some

10
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reaches from north of the Christina River south to the Delaware Memorial

Bridge (Phillips, 1987). In general, however, the lower Potomac is not a
w productive aquifer in this part of Delaware. BAs a result, this aquifer is

not used for major ground-water withdrawals, and very little data exist.

For this reason, this aquifer is not discussed in this report.

The middle Potomac aquifer is the most important water-producing
aquifer in the area between the city of New Castle and the Delaware Memorial
Bridge and is also the uppermost aquifer .underlying the Delaware River in
this area (fig. 4). The structure contours for the top of the middle Potomac
aquifer for the entire study area are shown in figure 5. North of New
Castle, in the subcrop zone where recharge occurs, depth to the top of the
aquifer ranges from about sea level to about 120 ft below sea level. 1In this
area, the aquifer is overlain only by Columbia Group sediments and by thin
lenses of younger Potomac sediments. The middle Potomac aquifer underlies
the river at a depth of 100 to 152 ft below sea level at the Delaware
Memorial Bridge (fig. 6). The agquifer is continuous to the west, underlying
the ICI and collins Park well fields. The sand unit labeled "Kp~ in figure 6
underlies the ICI well field between 60 and 76 ft below sea level, and is
either part of the Potomac Formation or a palecchannel -in the Columbia Group
(Phillips, 1987). Since the unit is in hydraulic contact with the Potomac
sand at the Collins Park well field, it funcions hydraulically as part of the
middle Potomac aquifer.

The upper Potomac aquifer is the most important water-producing
aquifer between the city of New Castle and Red Lion Creek (fig. 4). The
structure contours of the top surface of the ‘aquifer in the study area are
O shown in figure 7. A hydrogeologic section (B--~B') extending between the
area just north of Red Lion Creek eastward to New Jersey is shown in figure
8. The top of the upper Potomac agquifer at the west end of the section is 88
’ to 112 ft below sea level, with a thickness of approximately 20 ft. The
aquifer is not continuous beneath the river, but could be in hydraulic
connection with the river through the Columbia sand and gravel. The
confining unit over the Columbia is locally thin, especially near the New
Jersey coast.

Magothy Aquifer

The hydrology of the Magothy aquifer in and near its subcrop area

(fig. 9) is closely associated with the upper aquifer zone of the Potomac
Formation (Sundstrom and Pickett, 1971). According to Cushing and others
(1973), water in this aquifer is recharged south of the C&D Canal. Locally,
ground water flows north toward the canal; regional flow is south to downdip
parts of the aguifer system ocutside the study area. The marginal-marine
sediments that compose the Magothy aguifer rest directly on the fluvial
sediments of the upper Potomac Formation. In the northern end of the dis-
tribution of the Magothy aquifer, where the aquifer's sands lie on the upper
sands of the Potomac aquifer, the two agquifers are hydraulically connected
and are considered-a single aquifer in hydrologic treatment near the C&D
Canal (Sundstrom and Pickett, 1971). Farther to the south, where the
aquifers are more deeply buried, the Magothy Formation marine clay thickens

‘ and the Magothy aquifer is more confined. The contours showing depth to the
top surface of the Magothy Formation are shown in figure 9.
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Englightown-Mt. Laurel Aquifer System

The Englishtown-Mt. Laurel aquifer system is located within the
Matawan and Monmouth Groups (Sundstrom and Pickett, 1971; Groot and others,
1983). Only the Englishtown {(Matawn Group) and Mt. Laurel (Monmouth Group}
Formations are sufficiently permeable to be used as aquifers (table 1;
Bachman and Ferrari, 1995) and are in hydraulic contact with one another.
over much of their extent in the study area, sediments of the Englishtown-Mt.
Laurel aquifer system are in hydraulic cohnection with the Columbia Formation
and Rancocas Group. Even the combined agquifer sediments are relatively thin,
and have not, historically, been a heavily exploited source of water.

Rancgocas Aquifer

The Rancocas aquifer is comprised of the Rancocas Group sediments,
which include the Hornerstown and Vincentown Formations (Groot and others,
1983; Bachman and Ferrari, 1995). This aquifer reaches a thickness of
approximately 50 ft at the Appoquinimink River (Cushing and others, 1973).

In the study area, the Columbia Formation and Rancocas Group form a water-—
table aquifer that is recharged in uplands and discharged to perennial
streams, including Drawyer Creek and the Appoguinimink River (Bachman and
Ferrari, 1995). Like the Englishtown-Mt. Laurel system, the Rancocas aquifer .
has not been heavily exploited as a source of water, although, according to
historical records of water use (Sundstrom and Pickett, 1971}, it provides up
to 25 percent of ground-water withdrawals in New Castle County south of the
C&D Canal.

Confining Units Underlying the Delaware River

Information about the stratigraphy of the sediments under the Delaware
River is limited to seismic reflection records (Duran, 1986), drillers’ logs,
and geophysical logs taken during the construction of the Delaware Memorial
Bridge and the installation of powerlines across the Delaware Bay (Phillips,
1987), and a set of vibracores taken in the dredged channel by the COE in
1991. Cross sections and a map of the thickness of Holocene sediments in the
river were constructed by Phillips (1987, figs. 6, 8, and 10).

In the area investigated by Phillips: {1987), geologic events during
the Pleistocene resulted in the erosion of Potomac Formation sediments in the
river channel and the deposition of the sand, gravel, and clay of the
Columbia Formation, which constitute the Columbia agquifer (table 1). Over-
lying sediments, depeosited during Holocene time, are primarily silt and silty
sand that act as confining units, separating river water from the aquifers.
The thickness of the Holocene sediments underlying the Delaware River ranges
from less that 20 ft close to the current shoreline to more than 100 ft in
the Pleistocene paleochannel (fig. 10). Only generalized cross sections can
be constructed from available drilling and geophysical logs because of the
wide spacing between core holes and the highly variable nature of the
Holocene and Pleistocene sediments. Based on the cross sections shown in
figures 6 and 8, the confining unit underlying the river consists of Holocene
sediments and fine-grained clays of the Potomac Formation. In some places,
the Columbia Formation, which censists mostly of sand and gravel, is present.
The permeability of the Columbia Formation reduces the effectiveness of the

confining unit in preventing flow from the river into the underlying
aquifers.
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Water Levels and Water Use in the Aquifers

Ground-~water discharge by pumping began in the study area in the
early 1500's and became significant after 1955 (Martin and Denver, 1982).
Most ground-water withdrawals are made to supply public water systems and
industry.

Water-Level Data

In 1971, Sundstrom and Pickett reported that "...under most condi-
tions, the water-table aquifer is protected from the saltwater of the
Delaware Estuary...by the impermeable sediments of the bed of the
Estuary...from Memorial Bridge scuthward past the New Castle County line,"
and also reported that the hydraulic gradient in the water-table aquifer was
"toward the estuary." However, by 1979, Apgar reported declines in the
potentiometric surface in the middle Potomac aguifer below sea level adjacent
to the estuary {(fig. 11l). By 1982, pumpage had become the major source of
discharge from the Potomac aquifers and local cones of depression had formed
(Martin, 1984). Declines in aquifer water levels up to 1985 were documented
and the resulting cones of depression in the upper and middle Potomac
aquifers were mapped by Phillips (1987; fig. 12). The cones of depression at
that time had spread locally under the Delaware River, and the hydraulic
nradlent was from the Delaware River to the Potomac aguifers th1]]'lnqA

awal HKAVE He=iiBLls (Tlaasa e

1987). Ground-water-flow models prepared by Martin (1984) and Phillips
(1987) simulated this reversal of gradient for various pumping conditions.

Although companies that supply public water and major industrial users .
in New Castle County are required to report volumes pumped by well, reporting
of records of measurements of water levels has not always been required and
water levels measured at pumped wells are often not at eguilibrium condi-
tions. Most water-supply wells north of the C&D Canal in the study area were
screened in the middle and upper Potomac aquifers and the Columbia aquifer.
No uniform system of data collection and maintenance has been employed. The
location of wells can be difficult to identify because of multiple naming
conventions instituted by companies, the county, DNREC, and DGS. The U.S.
Geological Survey data base contains well-construction information for most
wells registered with DGS, including water level at time of construction.
However, long-term records of water levels within the study area are avail-
able at only two wells--Dc 34-05 and Dc 34-06 (fig. 4). Water levels for
these wells during 1978-93 are shown in figure 13. No long-term changes in
water levels are evident from these graphs.

Water-Use Data

Ground water is used for many purposes in the study area, including
public supply, domestic (self-supplied), commercial, industrial, livestock
watering, and irrigation. A comparison of ground-water withdrawals in 1985
and 1990 by category of use and percentage of change is shown in table 2.
Total combined use rose 1) percent between 1985 and 1990. Ground-water
sources provided about 28 percent of total freshwater withdrawals. in the
study area in 1985 compared-to 30 percent of withdrawals in 1990. Public
suppliers withdrew the most ground water (approximately 64 percent) in both
1985 and 1990. During 1985, public—-supply withdrawals were 14.45 Mgal/d and
increased 10 percent to 15,93 Mgal/d during 1990. Domestic (self-supplied)
and commercial ground-water withdrawals increased significantly over the
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Table 2. Ground-water withdrawals, by water-use category, in northern
and central New Castle County, Delaware, 1985 and 1990

[Source: U.S. Geological Survey Aggregated Water-Use Database System

{AWUDS )} ]

Water-use category

Ground-water withdrawals

(million gallons)

Percent
change
1985 1990
Public supply? 14 .45 15.93 10
Domestic (self-supplied)? .70 1.96 180
Commerciall .15 .30 100
Industriall 6.71 6.30 -6
Livestock watering? .06 .08 33
Irrigation? .38 .42 11
Total 22.45 24.99 11
Total ground-water and fresh
surface-water withdrawals 74.26 88.00
Percentage of total withdrawals
from ground water 30 28

1 Reported withdrawals,
2 Estimated withdrawals.
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period--180 percent and 100 percent, respectively--whereas industrial
ground-water withdrawals decreased 6 percent from 1985 to 1990.

Columbia Group, Rancocas, Magothy, Mt. Laurel, and Potomac Group. With-
drawals by aquifer for selected water users in the study area. from 1988 to
1993 are shown in table 3. The Potomac Group aguifer supplied the most water
(over 17 Mgal/d} for the period of record. The least amount of water (0.05
Mgal/d or less) was withdrawn from the Rancocas aquifer.

Continued population growth and commercial and industrial development
in the study area are expected to result in increased water demand (Metcalf &
Eddy, 1991b). Increased demand could result in lower aquifer water levels,
and that could increase the potential for river-water intrusion into the
aquifers. Projected ground-water demand for selected water users in the
study area for the period 1995 to 2040 is shown in table 4.  The data pre-
sented are from a water-supply plan report series prepared for the Water
Resources Agency of New Castle County and are based on projected growth and
present water-use trends. Estimates of potential reduction in future water

demand with the implementation of additional water conservation measures are
also shown in the table.

The largest ground-water public~water supplier in the study area is
the Artesian Water Company {(AWC) (table 3), which has installed water-supply
wells in numerous locations. In 1993, total ground-water withdrawals by AWC
were about 16.77 Mgal/d. By the year 2040, AWC is expected to withdraw
nearly 26 Mgal/d, an increase of about 55 percent (table 4; Metcalf & Eddy,
1991b). It is estimated that implementation of water conservation measures
could reduce this increase to 25 percent. Ground-water withdrawals for
public supply by Delaware City are projected to increase 24 percent from 0.17
Mgal/d in 1993 to 0.21 Mgal/d by 2040. Most of this water demand will be for
residential use and will come from the Potomac aquifer system.

The town of Middletown supplied 0.41 Mgal/d of ground water to users
during 1993 (table 3)--83 percent from the upper Potomac aquifer and 17
percent from the Magothy and Mt. Laurel aquifers. By the year 2040, ground-
water demand for Middletown is expected to increase to 0.95 Mgal/d (table 4),
about 132 percent of current demand. With the implementation of conservation
measures, however, the percentage of water-demand increase could be reduced
to 75 percent (Metcalf & Eddy, 1991b). Water demand for the Townsend service
area was the smallest in the study area during 1993 (0.04 Mgal/d; table 3).
Projected water demand for 2040 is 0.06 Mgal/d (table 4)--a 5-percent
increase over the period.

For self-supplied systems north of the C&D Canal, the majority of
water demand is for industrial and irrigation uses. Total water demand
(ground and surface water) was about 12.68 Mgal/d during 1993 (table 4).

By 2040, water demand is projected to be 14.28 Mgal/d without conservation
measures (Metcalf & Eddy, 1991b). With conservation, the demand could be
reduced to 13.79 Mgal/d. For self-supplied systems south of-the C&D Canal,
total water demand for 2040 is projected to be 13.32 Mgal/d without con-

servation measures. Conservation measures cculd reduce demand to 10.86
Mgal/d.




,3 Table 3, Annual ground-water withdrawals, by aquifer, by selected water users in
northern and central New Castle County, Delaware, 1988-93 :

(Source: Delaware Department of Natural Resources and Environmental Control;
-~ = data not available] :

Ground-water withdrawals

Aquifer (million gallons per day)
. Water user 1988 1989 1890 1551 1992 1983

Columbia Group

Artesian Water Company 0.30 0.32 0.14 0.28 0.38 0.36
DuPont Glasgow ] .23 .20 W21 .16 -- . .18
Getty Rafining - - -- .04 .04 --
icI — - . -- -- .55 .54
Julian -- -- -- -- - .24
Newark, City of 1.74 1.52 .83 .60 .65 1 24
Standard Chlorine .02 .03 .18 .13 .15 .15
Aquifer total 2.29 2.07 1.36 1.21 1.78 1.72
Rancocas
Tovnsend 08 .04 0% .05 .05 .04

Aquifer total .04 .04 .04 .05 .05 .04

o Marathv-Mt . Laurel
gathy-ML. I

Middletown .10 .14 .16 .13 .10 .07
Van Wingerden Nurseries ..02 .04 .0z .04 .04 .03
Aquifer total .12 .18 .18 .17 .14 .10

Potomac Group

Artesian Water Company 14.56 14,380 15.43 15.69 15.98 2l(‘.'i.t'il.
Delaware City .19 .18 .09 .10 .18 .17
Hiddletown .33 LE5 .26 .31 .35 .34
Board of Water & Light 17 1.06 .89 .78 1.02 .81
Newark, City of .45 .48 47 .52 .52 L o7
Star Enterprise .88 4.40 .60 4.00 4,00 3.57

Aquifer total ir.18 21,27 17.74 21.40 22.05 21,37

1
2

Surface-water supply (White Clay Creek) was activated December 1992,
Amounts for 1988-93 estimated from Metcalf and Eddy (1991b, table 3.4, p. 3-9).
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Table 4. Projected ground-water demand, with and without conservation measures, for selected water users in northern and central Hew Castle

County, Delaware, 1995-2040

Le

[Source: Water-supply ptan for New Castle County, Delaware--Future water demands, v. IV.
W/0 CONS, without conservation measures; CONS, with conservation measures]
Projected ground-water demand
{million gallons per day)
Water user 1993 1995 2000 2010 2020 2030 2040
W/0 CONS  CONS W/0 CONS CONS W/0 CONS CONS W/0 CONS CONS W/0 CONS  CONS W/0 CONS CONS
Artesian Water Company 16,77 17.55 16,20 1919 16.77 21.74  17.95 23.41 18.86 26.76 19.95 25.98 20.96
Delaware City A7 .20 .39 .20 .19 .20 .18 .21 .18 21 .18 .21 .18
Middletown 41 .48 46 .53 A48 68 .56 .76 .1t .83 N 95 72
Board of Water & Light .81 A 47 .51 47 .53 .48 .55 .50 .60 .53 .63 .55
City of Newark 1 .3 .32 .32 .33 .33 .35 .35 36 .36 .37 37 .38 .38
Townsend .04 .05 .05 .05 .05 .06 .05 05 .05 .06 .05 .06 .05
Self-supplied systems 2
North of C&0 Camal 12.68 12.68  12.63 12.86 12,74 13.13 12.92 13.51 13.20 13.90 13.46 14.28 13.79
South of C&D Canal 6.28 6,28 6.14 65.74 6.39 8.33 7.38 9.96 8.39 11.74 .68 13,32 10.86
Total 37.47 38.05 36.46 40,61 37.42 45.02 39.87 48,82 42.14 52.49 44,88 55.81 47,49

1 Projected ground-water demands based on 1993 data using 4-percent increase for each 5-year increment.
2 Includes projected ground- and surface-water demand.
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CHLORIDE-CONCENTRATION DATA

Chloride concentrations are used as an indication of salinity levels
(Cohen, 1957). Chloride-concentration data are available from studies of
water quality in the Delaware River and of ground-water withdrawals in the
study area.

Disgolved Chloride Concentrations in the Delaware River

The term "salinity" refers to the total concentration of dissolved
salts in seawater (Bates and Jackson, 1987). Salinity is usually computed
from some other factor, such as chloride concentration or electrical con-
ductivity relative to normal seawater. In this report, chloride concen-
trations are used to indicate salinity.

Seawater has a chloride concentration of approximately 19,000 mg/L
{(White, 1993). Water with chloride concentrations in excess of 250 mg/L
{U.S. Environmental Protection Agency (EPA) drinking.water regulation for
chlorides) is usually considered undesirable for domestic use. In.addition,
water with chloride concentrations in excess of 50 mg/L is unsatisfactory for
some industrial uses (White, 1993). The zone in an estuary where chloride
concentrations equal or exceed 250 mg/L is commonly known as the salt front.

Salinity in the Delaware River at any location is dependent on the
distance from the ocean, the freshwater flow of the river, the gquantity of
salty water moving upstream from the ocean, the stage of the tide, -and the
range of the tide (Cohen, 1957). 1In general, salinity increases downstream
from very low values near Philadelphia, Pa., and Camden, N.J., to seawater
concentration at the mouth of the Delaware Bay.

The Delaware River Basin Commission (DRBC) tracks and controls
salinity levels in the Delaware River {(Hull and Titus, 1986). Salinity level
is contreolled by regulating the flow of freshwater in the river by releasing
water from various reservoirs and limiting consumption in times of drought

"(Hull and Titus, 1986). The annual mean chloride concentration at the

Faemae s e

Delaware Memorial Bridge {river mile 68) for a year with average precipita-
tion could be about 530 mg/L, and a wet year mean could be about 200 mg/L
{Apgar, 1979). The most severe drought of record was that of the 1960's.

The annual mean chloride concentration at the Delaware Memorial Bridge for
1965 was about 1,230 mg/L. The salt front, located on average at river mile
69 (south of Wilmington, Del.), advanced up the estuary as far as river mile
102, just above the Benjamin Franklin Bridge in Philadelphia (Hull and Titus,
1986). During the 1960's drought, saltwater recharged the Potomac-Raritan-
Magothy aquifer system, from which water supplies for Philadelphia and Camden
1986). Elevated chloride levels persisted in

R A A IR 2 AN laG Lai2Valiel OO AT VELS

the aquifer system for more than 10 years. Since that time, the DRBC has
used this drought as the basis for water-supply planning, with the goal that
the maximum salinity measured in the river during the drought will not be met
or exceeded under current conditions.
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Advance and retreat of salinity in the river occurs seasonally and-
daily as the result of freshwater inflow to the river and the range and stage
of the tide. During summer and early fall, freshwater inflow is generally. at

. e . . e .
a minimum and sea level is at a maximum--conditions favorable for the advance

upstream of more saline water. The daily tidally-generated variations in
salinity are locally and regicnally significant (DiLorenzo and others, 1993).
For example, salinity measurements taken in 1956 at the Reedy Island jetty,
located in the river between the C&D Canal and the Appoquinnimink River,
ranged between about 80 and 5,500 mg/L (Cohen, 1957).

Digsolved Chloride Concentrations in Ground Water

Phillips (1987) established a well network based on that of Martin and
Denver (1982) to sample chloride concentrations and water levels in the area
between the C&D Canal and the Christina River. Phillips found areas of
brackish river-water intrusion into the Potomac aquifers in the vicinity of
the ICI, New Castle, Crown Zellerbach, and Llangollen Estates well fields.

Part of Phillips’ well network has been sampled at intervals for
chloride concentrations by DNREC since 1979 (table 5, fig. 4). Chloride
levels show no apparent trends and have been well below the 250 mg/L EPA
drinking water regulation, except in wells Cd 43-03 and €d43-04 in the ICI.
well field (figs. 4 and 14}. Phillips‘ data indicated that pumpage at the
ICI well field had caused a cone of depression in the middle Potomac aquifer.
Consequently, the hydraulic head in the Columbia aquifer under the Delaware
River (just south of section A-A’, shown in fig. 4) fell below sea level. As
a result, brackish water infiltrated downward from the river and was drawn
toward the cone of depression, entering the Potomac aquifer where the con-
fining unit is thin or nonexistent. The increased chloride concentrations in
the ICI well field have persisted, although they were somewhat lower by 1989
than they were in the late 1970’'s. Farther south, in the Llangollen well
field (fig. 14), another area of river-water infiltration has occurred
(Phillips, 1987). cChloride concentrations in well D¢24-18 averaged about 62
mg/L between 1991 and 1993, slightly higher than the 55 mg/L average chloride
concentration for this well between 1978 and 1985.

Water levels in the well network have not generally been measured. No
other systematic collection of chloride-concentration data or routine water-
level measurements have been conducted in the Potomac aquifer system. Low
demand for public ground-water supply in the southern half of the study area,
combined with the relative thinness of the aquifers, have resulted in a lack
of records of chloride concentration or water levels in this area.
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Teable 5. Chloride-concentration data for selected wells in northern. and central New Castle County, Delaware

[{Source: Delaware Department of Natural Resources and Envirommental Control and U.S. Geological Survey.
< = jmuss than; -- = data not awvailablel

Concentrations of chloride, in milligrams per lLiter

Site name and corraesponding State identification number

Hew
Castle School Texaco

Date Castle Jefferson Castle Basin House Texaco #10a James

HBills 1 Farm Hills 3 Road Lane #10 Permit Dalaware River

Cd52-15 Cd51-14 Cd52-28 Cd51-08 Ce55-17 De51-04  #53065 Ec15-27 Corp*
1985 Fall - -- -- - - 12.8 - - --
1986 Spring 22.5 -- 22,5 16.3 - 17.2 - - --
1986 Fall 24.6 14,7 24.6 -- -~ 18.4 -- -- --
1988 Spring 15 17 20 20 12 16 e L= 37
1988 Fall 21 15 3 16 13 17 - -- 61
1989 Spring 20.8 14,3 36.1 19 11.3 10 -- - 59
1989 Fall 11 10 17 13 7 10 - -- 34
1990 Spring 23 2.5 35 25 14 14 -- -- 77
1990 Fall 31 2.5 15 14 60 8 - -- 20
1991 Spring 21 20 29 25 13 15 - - 69
1990 April 23 -- 35 -- -- -- - -- --
1990 October . 31 - 19 14 - - -- - --
1991 Novemher an 19 -- 28 12 17 - - --
1992 July 18 16 - -- 6 12 -- -- a8
1993 January 22 - -- 42 1a 15 -- 9 74
1993 October 23.1 21.8 -- 46.3 14.2 -- 5.8 9.5 79.3
* NBo State identification number available for this site

‘ .} Concentrations of chloride, in milligrams per liter
V.

Site name and corresponding State identification number

Date Liangollen Llangoilen Llangollen WNational Artisans Texaco
#3 G3 *7 Guard 1 Village 1 16
De23-09 Dc24-18 De24-41 Dc34-07 Dc33-07 Ecl3-06
1979 Fall 65 - - == - --
1980 Spring 715 -- 30.3 i ~-= 7
1980 Fall 52 -- 3 -- -- 7
1981 Spring 48 -- 54 -- 81 5
1981 Fall 48 - 36 -~ & 6
| 1982 Spring 47 - W7 -- 10 19
1982 Fall 50 - -- - 7 7
} 1983 Spring = -- -- -- a 7
1983 Fall 33 - 48 -- 8 --
1984 Spring -- -- -- - 13 --
1984 Fall - - -- -= 10 -=
1985 Spring -- - -= -— - 4,9
1985 Fall 51.6 - = - 11 -=
1986 Spring 50.% -- 12.1 5.1 10.8 11.7
1986 Fall - - 13.4 -- 12.8 B
1988 Spring 2.5 - 55 7 15 9
1988 Fall -= -- 14 9 15 2.5
1989 Spring -- -- 12.9 8 15.1 2.5
1989 Fall 10 -- 8 2.5 10 2.5
1990 Spring 15.5 -- 153.5 10 17 5
1990 Fall 15 -- 15 9 63 4.9
1991 Spring 87 --= 13 7 1) 1.9
1991 Hovember - 63 16 --= 16 -=
1992 July -- 57 13 et 11 .-
1993 January -- 59 14 -- 15 --
1993 October - 67.2 16 -~ 15.2 -
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Table 5. Chloride-concentration data for selescted wells in northemn
and central New Castle County, Delaware--Continued

Concentrations of chloride, in milligrams per liter

Site name and corresponding State identification number

Date ICI #9 ICI #10 ICI #12
Cdé3-03 Cda3-04 Cd&bd-14
1967 375.9 251.1 -=
1968 302.6 231.4 -
1969 270 215.5 -—
1970 230.2 242.4 -=
1971 368.1 212.5 -
1972 385.3 145.3 -
1973 6954 114.2 13.6
1974 596 103 14.2
1975 511.6 416.5 43.7
1976 109.8 672 21.8
1577 67G.3 485.5 30.3
1978 413.5 409.4 21.1
1979 218 396.8 11
1980 31% 429 --
1981 291 329 25
1982 239%.5 277 7
1983 105 175 6
1984 254.5 245 9
1985 207 125 [
1986 184 62 5
1987 179 91 6.5
1988 137 65 23
1989 158.5 104 8
1990 176 325 12
1991 November -- 145 14
1993 January -- -- 5
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~ United States Department of the Interior

U.S. GEOLOGICAL SURVEY
Water Resources Division
TN Mountain View Office Park
| 810 Bear Tavern Road, Suite 206
! ' West Trenton, New Jersey 08628

January 23, 1996

‘ Mr. Stan Lulewicz

| Project Engineer :
Corps of Engineers, Philadelphia District
Department of the Army
Wanamaker Building, 100 Penn Square East
Philadelphia, PA 19107-3391

Dear Mr. Lulewicz:

The U.S. Army Corps of Engineers, Philadelphia District, is evaluating the feasibility of
improvements to the main navigational channel of the Delaware River, which could include deep-
ening the channel from the existing depth of about 40 ft below mean low water (MLW) to about
45 ft below MLW from deep water in Delaware Bay to Philadelphia, Pa. and Camden, N.J. Con-
cems have been raised that deepening the channel may adversely affect ground-water supplies

. developed in the adjacent Coastal-Plain aquifers of New Jersey, particularly in the Potomac-Rari-
tan-Magothy aquifer system where many public and private ground-water supplies have been

developed adjacent 10 the Delaware River in the reach where the channel improvements are being
evaluated.

-the adjacent aquifers. Hypothetically, this could occur in two ways: (1) the dredging operation
might uncover a confining bed at the base of the river channel, improving a pathway for saltwater
to infiltrate to a freshwater aquifer; and (2) the deepening of the river channel might allow saltwa-
ter to encroach upstréam in the river to areas where infiltration of the saltwater into the ground-
water system would occurs. An additional concem is (3) that fluids leaching from the dredged-
material disposal areas could contain contaminants of sufficient concentration that if they were to
infiltrate to- the aquifer with recharge water in the outcrop areas, they may adversely effect the
potability of nearby water-supply wells.

The concems generally focus on the potential for saltwater from the river to infilirate into

The USGS has investigated the circumstances relating to these concerns in the course of
several projects that have been accomplished in cooperation with the Corps of Engineers and the
New Jersey Department of Environmental Protection. The results of the USGS will be discussed
further from the perspective of the three concerns outlined above.

| Concern (1), dredging breaches confining unir: A geophysical survey of the Delaware River
- bottom material was conducted by Duran (1986) to determine the configuration of aquifers and
.) confining units beneath the river. The results of this study indicate that there are no places
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between Wilmington, De. and the Philadelphia, Pa./Camden, N.J. area where a breach of a protec-
tive confining unit would occur due to the proposed dredging. Generally, upstream of Little Tini-
cum Island the sands of the Potomac-Raritan-Magothy aquifer system are exposed in the river
bottom. Downstream of Little Tinicum Island, clay, thicker than the proposed depth of dredging,
predominates in the river-bottom material.
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Concern (2), saltwater in river encroaches onto well-recharge areas: Water-supply wells, to
be effected by saltwater in the Delaware River, must be located in proximity to the river or its
associated tidal tributaries. Furthermore, the rate of pumpage of these wells must be sufficient to
draw a substantial portion of their discharge from the river. Navoy and Voronin (in review) tabu-
lated wells that are located within 2 miles of existing saltwater wetlands in Gloucester, Salem, and
Cumberland Counties. The reach of the river that extends through Gloucester, Salem, and Cum-
berland Counties is where the transition between potable and nonpotable water occurs, with
respect to dissolved chloride. During annual low-flow conditions, Delaware River water with a
dissolved-chloride concentration that exceeds drinking-water standards is in the vicinity of
Bridgeport, N.J./Chester, Pa (at about river mile 81). In order to ascertain the likely magnitude of
upstream saltwater encroachment in the river that is a result of deepening the shipping channel,
the Corps of Engineers, Waterway Experiment Station, constructed a three-dimensional salinity
model of the Delaware Estuary. The results of the model indicate that salinity conditions for sim-
ulated low-flow and drought conditions will be displaced approximately 1 to 2 kilometers further
upstream as a result of channel deepening. The movement of a salinity interface, due to tides,
wind, and changes in the freshwater discharge of the Delaware River, is on the order of many
miles. Therefore, this magnitude of displacement, as simulated, does not represent a significant.
change and will not likely have a significant effect on ground-water supply withdrawals in the
area, under average conditions. This concern then focuses on whether the 1 to 2 kilometer dis-
placement during extreme low-flow events, such as those related to drought, may effect ground-
water supplies upstream of the area where saltwater is normally seen.

Significant drawdown of aquifer water levels to below sea level, which may be indicative of
conditions that could favor saltwater intrusion, occurs in the Potomac-Raritan-Magothy aquifer
system in the Camden metropolitan area (Navoy and Voronin, in review, figs. 23, 24, and 25). The
most substantial of the ground-water withdrawals in the area of aquifer drawdown, that receive
recharge from the river, are located in Pennsauken Township, Camden County (near river mile
105). These areas are identified in Navoy and Carleton (1995, p. 81, fig. 53) as a “river-influenced
zone”. Under the most severe drought of record, the river water which exceeded drinking water
standards encroached upstream to a location in the vicinity of the Ben Franklin Bridge (river mile
100) for about 21 days. Saltwater in the river, however, does not immediately effect nearby wells.
The ground-water travel time from the river to the wells of the Camden Area is stow in human
terms, proceeding on the order of years or decades. The rate of flow of ground water is dependent
on the distance to travel and the water-level gradient, among other things. Because the distance
between the wells and the river is variable, the travel time is also variable. Simulations of 6
transects representative of flowpaths in the vicinity of river-proximal wells and well fields indi-
cated the average travel time for flow from the river ~anges from slightly more than one year to 15
years (Navoy, 1991, table 6, p. 112). Travel time to wells located farther from the river could be
greater that 15 years. During the time the recharge from the river, that may include salty water,
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travels in the aquifer, substantial dilution takes place with fresh ground water. Based upon simula-
tions of the ground-water system (Navoy, 1991), an intermittent low flow event, such as that due
to drought, with a minimum dissolved chloride concentration in the river of between 2,000 and

~ 4,000 mg/1 for a duration of 30 days per year with a return period of 5 years is the type of condi-

tion that would result in nonpotability at river-proximal wells or well fields. These simulations
compare favorably with observed data from November and December, 1964 where the 21-day
encroachment of saltwater with a dissolved chloride concentration of 250 mg/l caused a 10 to 28

_mg/l rise in chloride concentration at observed wells (Lennon and others, 1986, figure 15, p. 48),

but no loss of potability. The conditions necessary to cause nonpotability at the river-proximal
wells are in excess of those which could be attributed to the 1 to 2 kilometer displacement.

Concern (3), disposal area effects nearby wells: Along the river in Gloucester and Salem
Counties are a number of sites that are presently used, or could be used for the disposal of
dredged-material. The National Park and 17G disposal sites are situated within the outcrop of the
Potomac-Raritan-Magothy aquifer system in Gloucester County. Based upon simulation of the
ground-water system, wells east of the National Park and 17G sites draw recharge from the sites,
but at most, one-quarter of the water originates from the sites and the mean travel time of ground-
water from the sites to the wells is more than 25 years (Navoy and Rosman, in review, p. 15).

Recharge from the Oldmans #1, Pedricktown North, Pedricktown South, and 15G sites to the
nearby Goodrich wells is likely, based upon a potentiometric surface analysis. The proximity of
the wells to the sites and the steep head gradient indicate that the travel time to the wells could be
relatively short, perhaps on the order of several years (Navoy and Rosman, in review, p. 26).
Disposal of dredged material at the Raccoon Island, 15D, Penns Neck, Killcohook, and Artificial
Island sites are not likely to effect cxistmg ground-water withdrawals in the area because the sites

are far from wells or the sites are not in good hydraulic contact with the aquifers (Navoy and
Rosman, in review, p. 35).

In summary, the concems about increasing the potential for saltwater from the river to infil-
trate into the adjacent aquifers, either as a result of dredging through a confining unit or as a result
of the upstream movement of saltwater in the deepened channel can be set aside. No significant

confining units will be breached and the saltwater will not mgmﬁcantly move upstream to increase
the threat of saltwater intrusion.

The concern that fluids leaching from the dredged-material disposal areas could infiltrate to
the aquifer with recharge water can also be set aside. A poor connection exists with the aquifer or
the contributing volume of recharge is insignificant at most of the disposal sites. For the several
instances where the travel time is short and the contributing volume may be higher than insignifi-
cant, the risk of contamination can still be considered low. The Corps of Engineers has investigat-
ed the potential for the presence of hazardous substances in the dredged material. Their sampling
and analyses indicate that the dredged material is not likely to contain hazardous substances that
will exceed regulatory levels. Therefore, even though a recharge pathway may exist and travel
time may be short, the risk of contamination will be Iow.
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EVALUATION OF GROUND-WATER FLOW FROM DREDGED-
MATERIAL DISPOSAL SITES IN GLOUCESTER AND SALEM
COUNTIES, NEW JERSEY

ABSTRACT
The U.S. Army Corps of Engineers, Philadelphia District, routinely dredges the Delaware

River ship channel and is also evaluating the feasibility of deepening the channel from the exist-
ing depth of about 40 ft below mean low water to about 45 ft, from deep water in Delaware Bay to
Philadelphia, Pa. and Camden, N.J. Many public and private ground-water supplies have been
developed adjacent to the Delaware River. The dredged material will be disposed of at 11 possible
sites in proximity to the Delaware River in Gloucester and Salem Counties in New Jersey. A con-
cemn associated with the dredging operation is that ground-water recharge, originating at the
dredged-material disposal sites, may effect nearby water-supply wells. Evaluation of ground-
water flow through the use of a numerical ground-water flow model, where possible, and other-
wise through the use of potentiometric-surface mapping indicates that recharge from the National
Park and 17G sites, and recharge from the Oldmans #1, Pedricktown North, Pedricktown South,
and 15G sites is likely to contribute to the flow of nearby wells.

INTRODUCTION

The U.S. Army Corps of Engineers, Philadelphia District, routinely dredges to maintain
specified depths in the Delaware River ship channel. The Corps of Engineers is also evaluating-
the feasibility of improvements to the main navigational channel of the Delaware River, that could
include deepening the channel from the existing depth of about 40 ft below mean low water to
about 45 ft, from deep water in Delaware Bay to Philadelphia, Pa. and Camden, N.J. The dredged
material will be disposed of at 11 possible sites in proximity to the Delaware River in Gloucester
and Salem Counties in New Jersey. The disposal of dredged material from these projects onto
sites has raised concerns that contaminants contained in the spoil may leach and may adversely
affect nearby ground-water supplies derived from the Coastal-Plain aquifers of New Jersey.

Many public and private ground-water supplies have been developed adjacent to the
Delaware River. The Potomac-Raritan-Magothy aquifer system is of particular interest as it is the
primary source of water supply for Gloucester and Salem Counties, and crops out along the river,
where the disposal sites are located. A previous ground-water investigation (Navoy, 1994) has
indicated that much of the Potomac-Raritan-Magothy aquifer system outcrop in Gloucester
County contributes water as recharge to the many commercial, industrial, and public-supply wells
in the area.

The purpose of this report is to evaluate the possible connection between ground-water
recharge, originating at the dredged-material disposal sites, and nearby water-supply wells. This
was accomplished using ground-water modeling techniques, where available, to delineate the

-contributing areas of the water-supply wells. For those sites where a ground-water flow model is

not available, ground-water level data was collected and the potentiometric surface of the relevant
aquifers were evaluated to determine the direction of ground-water flow.
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Location of Disposal Sif

Four disposal sites, located near or adjacent to the Delaware River (see figure 1 for loca-
tions), are being considered. All of these are adjacent to sites that have been previously used for
disposal of dredged material:

Site Name Location

15G South side of Oldmans Creek near Pedricktown, Salem County, NJ.,

approximately 1 mile inland from the Delaware River

15D South side of Raccoon Creek near Bridgeport, Gloucester County, NJI., at
the Delaware River

Raccoon Island North side of Raccoon Creck near Bridgeport, Gloucester County, N.J., at
the Delaware River

17G

National Park North side of Woodbury Creek near National Park, Gloucester County,

NJ,, at the Delaware River

Oldmans #1 Adjacent 1o the Delaware River, south of Oldmans Creek, near Pedrick-
town, Salem County,N.J.

Pedrickiown Norih Adjacent i0 the Delaware River, souih of Oldmans Creek, néar Pedrick-
town, Salem CountyN.J.

Pedricktown South Adjacent to the Delaware River, south of Oldmans Creek, near Pedrick-
town, Salem CountyN.J.

Penns Neck Adjacent to Salem River, Pennsville, Salem County, N.J.

Killcohook Adjacent to the Delaware River ai Killcohook National Wildlife Refuge,
Salem County, N.J.

Anificial Island Adjacent to Delaware River, at Artificial [sland, Salem County, N.J,

Hyd 1 { the Di LSit

The dredge-spoil disposal sites are located on the Coastal Plain of New Jersey. The hydro-
geology of the Coastal Plain is composed of interbedded sand and gravel aquifers separated by
leaky silt and clay confining units. The hydrogeologic units of the Coastal Plain are listed on table
1. Of particular interest is the Potomac-Raritan-Magothy aquifer system, which can be differenti-
ated into three composite members, the upper, middle and lower aquifers. The Potomac-Raritan-
Magothy aquifer system crops out in the vicinity of most of the disposal sites and is also used as a
substantial source of water supply in the area.

GROUND-WATER FLOW IN THE VICINITY OF THE SITES

The primary aim of this investigation is to determine whether nearby water-supply wells
could be hydraulically connected to the dredged-material disposal sites. This was accomplished
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Table 1. -

' [Modlﬁed from Zapecza 1939 lable. 2]

@-s. ISYSTEMFSEmEs] GEQLOGIC

HYDROGEOLOGIC HYDROLOGIC
LITHOLOGY UNIT CHARACTERISTICS
Aliuvial ficial ial ;
Holocena | deposits Send, o e lack mud Eydraum::ﬂy connected 1o underlying
_ Boathsand | Sand, quartz, light-colored, medium- to . , aquiters. Locally some units may act
3 and gravel coarse-grained pebbly. undiferentiated | 5o con!incl,fnq ;\diits 'Il'hlcket sands are
Cape May capable of yielding large quantities
Pleistocene | = y of walsr.
Pennsauken Sand, quartz, iight-colored, heterogeneous,
| Formation | clayey, pabby.
Bridgeton
Formation Kirkwood : arr::f]t:r aquifer aysrzl;n Ground
BaaconHill | Gravel, quare, light-colored, sandy. Cotieeey | water.able condilons. in Capa
Miccone i syatam May County, the Cohansey Sand
Sand, quartz, light-colored, medium- to is under arteglan conditions,
Sand coarse-grained, pebbly, local clay beds,
T e | Lk datomacoous ey bed s
od Sand, quanz, gray and tan, very fine 1o o ong a
g Kirkwood | mediom-gralned, micaceous, and dark.  |—reer-dearig Zono _} injand. A thin waer-bearing sand is
'§ colored diatomaceous clay. Con‘hLinn unit presant ih iHe middie of this unii,
ggg-nfgcmcgnd A major aquifer along the coast.
- Poorly parmeable sediments.
Oligocene Piney Paint g
Formation Sand, quariz and glaisconite, fine- to Piney Point
harl coarse-grained. aquifer Yiekis modarae quantities of water.
Eocene Formation
Manasquan Clay, silty and sandy, glauconitic, green gray,
Formation and brown, containg fine-grained quanz. 2 Poorly permeable sediments.
Sand, quartz, gray and green, fine- 1o £
Vincentown  |coarse-grained, glauconitic, and brown g | Vincontown | v, i1 amall to moderate quantities
Formation clayey, very fossiliferous, glauconite and e of water in and near its culcrop area.
Paleocene quartz calcarenila.
Hornerstown | Sand, dayey, giaucorﬂﬂc dark-green, fing-
Sand to coarse-grained P Poorly permeable sediments,
“linton Sand Sand, quartz, glaumuc. brawn and geay, g
B fine- to coarse-grained, dayey, micaceous, § Red Bank Sand n:;ar s octrop ar6a Gl walsy |
Navesink Sand, clayey, silty, glauconitic, green - -
Formation and black, medium- to coarse-grained. Poorly permeable sediments.
MountLaurel | Sand, quarz, brown and gray, fine- 1o Wenonah-Mount
Sand ouarse?grmned Slightly glauconite. Laurel aquifer A major aguller.
Wenonah Sand, vary line- to ﬂno—grmnad gray and
Forma:lon brown, sitty, slightly glaucontic Marehatiow
Upper mam';'."" c‘a"' “““'-' dmﬂm’“‘“" containg confining Lnit Aleaky confining urit
c Y Engishmown English
ngl uartz tan and line- o medium- ishtown A major aquifer. Two sand units in
Formation qraineg m aquifer systemn m?jm)l;‘l‘ and ocean Counties.
Woodbury Clay | Clay, gray and black and micaceous silt. Marchantville- A confining unit. Locally the
Merchannille | Clay, glauconitic, mu:aceous ray and confining unit Mgggmvﬂ Formation may contain
black; locally uart2 and ng wate|
o Formation plauconitc mmmmL q a thin water-bearing sand.
Ma uanz, Iight fine- i coarse Upper
Fomon Bfalmﬁlm e :nr:l’d mmnc E aquiter A for b he
ge Sand QE .(T‘onﬁnlm ma,ior aqut 8¥’|smm.
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Farrington Send Member, a5 |= In the Delaware Hiver
§- Confining aquihra am nized J:’m deeper
unit OW (e upper
I - gommac Alternating clay, silt, sand, and gravel. aquifar are mm
Cretacoous | Group a aquifer
Precambrian and lower Paleozoic crystalliine]
rocks, schist and gneiss; locally Triassic No wells obtain water from these
Pre-Cretaceous | Bedrock sandstone and shale, and Jurassic diabase m unlt goamm rocks, except along

are present.




using a ground-water flow model of the Potomac-Raritan-Magothy aquifer system for the sites in
Gloucester County. Because a ground-water flow model of the aquifer system in Salem count is
not currently available, potentiometric surface measurement were used to determine flow direc-

tinne and thne tha nnccihle dectinatinne for rerharoa necourring in tha dicnneal citac
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Evaluation of National Park and 17G Sif

The National Park and 17G sites are located on the outcrop area of the upper Potomac-Rar-
itan-Magothy aquifer in Gloucester County adjacent to the Delaware River. This outcrop includes
a veneer of post-Cretaceous sands that are hydraulically connected to the upper aquifer. Underly-
ing the site, at depth, are the middle and lower Potomac-Raritan-Magothy aquifers. These under-
lying units are used for water-supply in the area. The intervening confining units are leaky,
allowing recharge to move vertically towards pumpage. The elevations of the aquifers, in the
vicinity of the National Park and 17G sites, are listed in table 2.

'Table2.—- op and bottom alti

Aquifer (stlaﬁl?\?;)
top of the upper aquifer land surface
bottom of the upper aquifer 4510 -80
top of the middle aquifer -100 10 -120
bottom of the middle aguifer -130 1o -150
top of the lower aquifer - -16010-180
bottom of the lower aquifer -180 to -250

The effects of withdrawals from the ground-water system in the vicinity of the National
Park and 17G disposal sites were simulated using the ground-water flow model developed by
Navoy and Carleton (in press). Seven of the significant production wells in the area (greater than
10,000 gal./year) were found to be drawing recharge water from the disposal sites. The contribut-
ing areas of these wells were determined using a particle-tracking model post processor (Pollock,
1989) and are shown on figures 2 through 8. The procedure for particle tracking involved a pro-
cess where 2,400 simulated particles were started in the pumped wells and the model post proces-
sor backed the particles up through the ground-water flow system to delineate the points of origin
or recharge. These points of recharge were intersected with the disposal areas using a Geographic
Information System. In this manner, the recharge originating from the disposal areas was identi-
fied and also can lead to indication of the proportion of the amount of flow from the disposal sites
that will be contributed to the wells. The particle-tracking analysis also yields information about
the velocity or travel time of the simulated particles. The minimum, mean, and maximum simu-
lated travel times, and percentage of flow originating at a disposal site, for each of the wells found
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to be receiving water from the disposal sites are listed on table 3.

Percentage Travel Maximum

well Nan;gca:gﬁngS Welt Disposal Site of Flow from Time T.I\:.:;:l Travel Time
Sieetowent , ., . (years)
\years;  \ycars)
National Park WD 2 (15-207) National Park 14% 23 15 63
W. Deptford WD 6 (15-312) 17G 26% 1,300 48 10,562
W. Deptford WD 7 (15-373) 17G 8% 1,352 58 10,600
W. Deptford WD 7 (15-373) National Park 2% 122 93 162
Coastal Oil Eagle Pt. 1 (15-320) 17G 1% 6,406 120 10,628
Coastal Oil Eagle Pt. 2 (15-318) National Park 2% 121 43 170
Coastal Oil Eagle Pt. 2 (15-318) 17G 3% 846 58 10,575
Coastal Oil Eagle Pt. 7 (15-317) National Park 7% 56 35 88
| Coastal Oil Eagle Pt. 6 (15-314) National Park 9% 76 35 161
Coastal Oil Eagle Pt. 6 (15-314) 17G 4% 67 48 100

As can be seen from table 3, the percentage of flow from the National Park and 17G
disposal sites to the nearby wells is low. All have about a quarter or less of their flow originating
as recharge from the disposal sites. Also, the mean travel times are generally in excess of 50
years, with the exception of the nearby National Park water-supply well, where the mean travel
time is about 20 years. It must be recognized that these figures are the result of a simulation,
which is subject to a degree of uncertainty and error. The location and construction characteristics
of the significant water-supply wells are listed in table 4 (located at the back of this report).

The Raccoon Island, 15D, Oldmans #1, Pedricktown North, Pedricktown South, and 15G
sites are located on the outcrop area of the middle Potomac-Raritan-Magothy aquifer, adjacent to
the Delaware River in Gloucester and Salem Counties. This outcrop may include a veneer of post-
Cretaceous sands that is hydraulically connected to the middle aquifer. Underlying the site, at
depth, is the lower Potomac-Raritan-Magothy aquifer. Nearby, to the southeast, the upper Poto-
mac-Raritan-Magothy aquifer crops out and is hydraulically connected through leaky confining
units to the middle and lower Potomac-Raritan-Magothy aquifers. These aquifers are used for
water-supply in the area. The leaky confining units allow recharge to move vertically towards
pumpage. In the vicinity of these sites, the middle Potomac-Raritan-Magothy aquifer can be sub-
divided into two parts with an intervening confining leaky unit (Lewis and others, 1991, pg. 16),
but for the purposes of this report the subdivision will not be considered. The elevations of the
aquifers, in the vicinity of the sites, are listed in table 5 (from Lewis and others, 1991, Plates 2a

13
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(16 LY O1 10

. Altitude (sea level) at
Altitude (sea level) at Pedricktown N.&S.,

Aquifer RaccoonIs,/ 15D Sites  Oldmans #1, and 15G
Sites
top of the middle aquifer land surface land surface
bottom of the middle aguifer 4010 -80 4010 -100
top of the lower aquifer -70 to -100 -90t0 -120
bottom of the lower aquifer -100 10 -150 -100 to 200

The effects of withdrawals on ground-water system for the areas, particularly in the vicinity
of the Raccoon Island, 15D, Oldmans #1, and 15G sites, were simulated using the ground-water
flow mode! developed by Navoy and Carleton (in press). Two wells, of the significant production
wells in the area (greater than 10,000 gal/y), were found, to be drawing recharge water from the
disposal sites. Additionally, the contributing area of a third well was found to be close to one of
the sites. The contributing areas of these wells were determined using a particle-tracking model
post processor (Pollock, 1989) in the same fashion as those described in the analysis of the

Natinnal Darlr and 17} citee Tha cimnlated coantrihnting araac are chawn an fionree Q thranoh 11
AVSRRLLVAILML & AN I L F WS O OAMWOe A LN DYLLLIRELEAVLAL Wllulu“‘uls MAWAAD Miw DAV YT AL VRE llsmvl’ - “uvusll AR

The results of the particle-tracking analysis pertaining to the minimum, mean, and maximum sim-
ulated travel times are shown on table 6.

Table 6. --Si
Perceniage  Mean  Minimum Maximum
Well Name and USGS Well Disposal Site ~ of Flowfrom et~ Travel  ‘Travel
Ideniifier : Site 10 Well Time Time Time
(years) (years) (years)
Penns Grove WSC Bridgeport 2 15D <1% 177 173 180
(15-166)
Monsanto Chem 35D (15-601) 15D 1% 55 4 90
Monsanto Chem 35D (15-601) Oldmans #1 1% 54 47 64
Mensanto Chem 35D (15-601) 15G 2% g1 51 120
Monsanto Chem 1 (15-167) 15D contributing -- - -
area very
close

The ground-water flow model developed by Navoy and Carleton ends at about the Glouces-
ter County-Salem County line. Therefore, in order to evaluate the ground-water flow system in
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the vicinity of the Oldmans #1, Pedricktown North, Pedricktown South, and 15G sites, especially
with regard to wells south of the site in Salem County, a different approach was nceded. A
synoptic ground-water-level data-collection effort was undertaken to map the potentiometric

enrfarac nf tha ralavyant nrmifare within threa milae nf the dicrvieal citae Thic tarhniona dnee nat
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have the precision that is associated with a ground-water flow model but is adequate to suit the

purpose of this report, namely indicating the likely wells that could draw recharge from the
disposal sites.

The basic water-level data collected are tabulated in table 7 (located, due to its length, at the
back of the report). Because of the proximity of the tidal Delaware River to the sites, an adjust-
ment of the water-level data to consistent tidal conditions was required for some wells. The water
levels in four wells were observed during a tidal cycle in order to characterize the magnitude of
tidal fluctuations of the confined aquifers. The wells measured were the U.S. Army C01ps of Engi-
neers wells EHW-5R (33-449) and EHW-6 (33-450), both screened in the middle Potomac-
Raritan-Magothy aquifer, and the Petit well 419 (15-398) and U.S. Army Corps of Engineers well
EWH-1R (33-402), both screened in the lower Potomac-Raritan-Magothy aquifer. For each
aquifer, one of the wells was located adjacent to the Delaware River and the other well is located
about one-half mile away from the river. Figure 12 shows the hydrographs of these wells indicat-

ing the tidal fluctuation in ground-water levels during a tidal sequence which changed from high

tide to low tide, The maximum tidal flnctuation observed in both the middle and lower Potomac-

2% ARA{i uaniaveiag Bavswrtelliatsig uridwia ¥ 2 aiiwi maamiensa AR VY Nea a RF

Raritan-Magothy aquifer wells located adjacent to the river was about 2.8 ft. The tdal fluctuations
are barely perceptible in the wells located about one-half mile away from the river. In order to
compensate for these fluctuations, the water levels of all measured wells located within one-hailf
mile of the river were adjusted to conform to an estimated mid-tide level. These adjustments are
indicated in table 7.

The results of the measurements were compiled into the potentiometric-surface maps of the
upper, middle, and lower Potomac-Raritan-Magothy aquifers shown on figures 13 to 135, respec-
tively. Several cones of depression in the potentiometric can be readily seen in the vicinity of the
Raccoon Island, 15D, Oldmans #1, Pedricktown North, Pedricktown South, and 15G sites. Of
particular interest are the cones of depression in the middle Potomac-Raritan-Magothy aquifer
(fig. 14) because they are the closest to the disposal sites. The observed cone of depression,
located northeast of Oldmans Creek, in between Oldmans #1 and 15D correspond to the simulated
wells and contributing area depicted on figures 10 and 11. As indicated in table 6, those wells
draw recharge from the adjacent sites, but the proportion of flow from the sites is low and the
travel times are generally more than 50 years. The other significant cone of depression in the
middle aquifer is just to thc south of the cluster of the OIdmans #1, Pedricktown North, Pedrick-
town South, and 15G sites. The pumpage associated with the cone of depression is from the B.E
Goodrich Co. wells 4, 6, 9, 10 (33-86, 33-85, 33-83, 33-997). The withdrawals for these wells,
listed in table 4, total 427 mgal/y. This withdrawal rate is similar to those of Monsanto wells 1 and
35D (15-167, 15-601) shown on figures 14 and 15. The contributing areas for these wells will be
similar in size. It is likely that recharge from the sites will occur to the Goodrich Co. wells
because of the proximity to the cluster of sites, especially Pedricktown North and 15G. The prox-

imity of the wells to the sites and the steep head gradient indicate that the travel time to the wells

WRLE LS AW FALWL TRARA AW DRpS ASARSLNw ALY maadln naiWw wsia ¥ SELadW wAs mmaw

could be relatively short, perhaps on the order of scveral years.

There were no distinct cones of depression in the lower Potomac-Raritan-Magothy aquifer
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Figure 12.--Hydrographs of wells indicating tidal fluctuations.
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near the cluster of the Oldmans #1, Pedricktown North, Pedrickiown South, and 15G sites.
However, as a result of withdrawals on a regional level, water Ievels in the lower aquifer are lower
than in the middle aquifer, especially to the south of the sites. It is possible, therefore, that some
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aquifer are generally higher than the middle aquifer, so it would be unhkely that any recharge
water from the sites would flow to the upper aquifer.

Evaluation of Penns Neck and Killeohook Sit

The Potomac-Raritan-Magothy aquifer system underlies the Penns Neck and Killcohook
sites and is the principle source of water supply for the area. The Penns neck site is situated on top
of the confining unit overlying the Upper Potomac-Raritan-Magothy aquifer. This is shown by the
existence of the surficial material over the confining units that is above the Upper Potomac-Rari-
tan-Magothy aquifer, indicated in the well log, in table 8, of the nearby Pennsville Township
Water Co. well #3A. The Killcohook Site is situated within the outcrop of the Potomac-Raritan-
Magothy aquifer system.

Table 8. -- Drillers log of Pennsville Township Water Co, Well # 3A (33-671)
7 { ithology by W.C. Services, Ing. June 21, 1988

Altitude, it
above mean sca Lithology Hydrogeologic unit
Ievel

Tto-3 Yellowish & reddish sand ~ surficial deposits
-3t0-16 Yellow sand and gravel surficiat deposits
-161t0 -33 Blue sandy clay confining unit
3110 -63 Coarse prev cand Ummer Potomac.Raritan-

330 Coarse grey sand pper Potomac-Raritar

Magothy aquifer
6310-78 Grey clay confining unit
<1810 -95 Medium to coarse grey sand, large Middle Potomac-Rari-
gravel and large stones tan-Magothy aquifer

9510-97 Grey clay confining unit
97 t0 -99 Reddish clay confining unit

Potentiometric surface measurements were collected from wells within the Potomac-Rari-
tan-Magothy aquifer system in the vicinity of the Penns Neck and Killcohook sites. The basic
water-level data collected are tabulated in table 7 (located, due to its length, at the back of the
report). Because of the proximity of the tidal Delaware River to the sites, an adjustment of the
water-level data to consistent tidal conditions was done in similar fashion to that discussed earlier.
The results of the measurements were compiled into the potentiometric-surface maps of the
Upper, Middle, and Lower Potomac-Raritan-Magothy aquifers shown on figures 16 to 18, respec-

tively.

Ground-water flow in the Upper Potomac-Raritan-Magothy aquifer that underlies the Penns
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Neck site is generally towards the southeast (fig. 16). Nearby ground-water withdrawals in the
Middle Potomac-Raritan-Magothy aquifer, located to the north of the site, have caused a cone of
depression and a downward head gradient from the Upper aquifer (fig. 17). Similarly, nearby
withdrawals from the Lower Potomac-Raritan-Magothy aquifer located to the north of the site
and across the river in Delaware have resulted in a downward head gradient from the Middle
aquifer. These downward gradients create the potential for movement of water from the Penns
Neck site into the Potomac-Raritan-Magothy aguifer system. The travel time through the confin-
ing unit overlying the aquifer system and to any nearby well, however, will probably be more than
several decades, as evidenced by the travel times calculated for the National Park site, earlier in
this report.

The Killcohook site does not have significant, nearby ground-water withdrawals for public
supply, therefore ground-water levels generally remain above sea level (fig. 16). The dominant
ground-water flow direction from the disposal area is likely to be towards the Delaware River,
because of its position on a point in the river.

Evaluation of Artificial Istand Sif

The primary source of potable water supply in the vicinity of the Artificial Island site is
from the Potomac-Raritan-Magothy aquifer system or the Mount Laurel-Wenonah aquifer. These
aquifers occur at depths of 150 feet or more below land surface at the site (Zapecza, 1989, plate
16). Given the thickness of intervening confining units, these aquifers will be isolated from any
impact from the surface.

CONCLUSIONS
1.) The National Park and 17G sites are situated within the outcrop of the Potomac-Raritan-Mag-
othy aquifer system. Wells east of the National Park and 17G sites draw recharge from the

sites, but at most one-quarter of the water originates from the sites and the mean travel times
of ground-water from the sites to the wells are more than 25 years.

2.) The Raccoon Island, 15D, Oldmans #1, Pedricktown North, Pedricktown South, and 15G sites
are located within the outcrop of the Potomac-Raritan-Magothy aquifer system. A minimal
amount of recharge from the 15D, Oldmans #1, and 15G sites contributes to the withdrawals
from the nearby Monsanto wells. The ground-water travel time to these wells could be, on
average, 50 years.

3.) Recharge from the Oldmans #1, Pedricktown North, Pedricktown South, and 15G sites to the
nearby Goodrich wells is likely. The proximity of the wells to the sites and the steep head gra-
dient indicate that the travel time to the wells could be relatively short, perhaps on the order of
several years.

4.) The Penns Neck site is situated above the confining unit overlying the Potomac-Raritan-Mag-
othy aquifer system. Although there is a downward head gradient in the aquifer system, the
travel time for the movement of ground water is likely to be more than several decades.

5.) The Killcohook site is located within the outcrop of the Potomac-Raritan-Magothy aquifer
system, however, there are no nearby, significant ground-water withdrawals. Ground-water
from the site will likely flow to the delaware River.
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6.) The ground-water supply withdrawals in the vicinity of the Artificial Island site are from the
Potomac-Raritan-Magothy aquifer system or the Mount Laurel-Wenonah aquifer. These aqui-
fers are too deep at the site for any significant impact to occur from the surface.

This evaluation is limited to the determination of likely ground-water flow directions in the
vicinity of the disposal sites. Further analysis of the possible geochemistry of the dredged mate-
rial, and the fate and transport of dissolved dredged-material constituents in the ground-water
regime will be necessary to determine the nature of possible effects to the nearby wells.
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Table 4.--Ground-waer withdrawals from the Potomac-Raritan-Magothy aquifer sysiem in the vicinity of dredge-spoil disposal sites
[Withdrawal is the greatest daily amount of ground-water withdrawal per year between the years 1988-1993; MRPAU- upper Potomac-Raritan-Magothy aquifer;
MRPAM- middle Potomac-Raritan-Magothy aquifer; MRPAL- lower Potomac-Raritan-Magothy aquifer; *- minimal use, backup well]

USGS State of Owner Local Identifier Latitude Longitude Township Aquifer Screen With-
Well New Jersey Interval  drawal
Number Permit Number (fty  (Mgaly)
150137 30-01371 Pureland Water Co Pure 2(3-1973) 394535 752054 Logan MRPAM 158-208 116
150144  30-01370 Pureland Water Co 1-1973 394613 752129 Logan MRPAM 81 -136 86
150158 30-00873 Monsanto Chemical Bridgeport W2 394733 752351 Logan MRPAM 57-82 227
150159  30-00872 Monsanto Chemical Bridgeport E1 394736 752344 Logan MRPAM 56 - 81 122
150166 30-00410 Penns Grove WSC Bridgeport 2 394755 752108 Logan MRPAM 65-85 44
150167 30-01170 Monsanto Chemical 1 394726 752319 Logan MRPAM 64 -94 146
150569  30-02405 Pureland Water Co 3 394529 752045 Logan MRPAM 161-201 RN
150601  30-02123 Monsanto Chemical 35D 394736 752334 Logan MRPAM 70-75 -
330070 30-00229 NJ Turnpike Authrity IN-2 394141 752343 Oldmans MRPAM - 29
330083 30-01139 B F Goodrich Co 9 (PW-1) 394547 752535 Oldmans MRPAM 93-133 134
330085 30-01141 B F Goodrich Co 6 (PW-2) 394556 752530 Oldmans MRPAM 109-129 186
330086 30-01139 B F Goodrich Co 4 (PW-3) 394557 752523 Oldmans MRPAL 169-189 107
330109 30-01322 Ganes Chemical 1973-1 393734 753149  Pemnsville MRPAU 116 - 131 7
330112 30-01033 Pennsville T WD PTWD 4 393754 753147 Pennsville MRPAU 117-137 74
330118 50-00041 Pennsville T WD PTWD 1 393958 753045 Pennsville MRPAM 213-238 51
330119 30-00018 Pennsville T WD PTWD2 394009 753043  Pennsville MRPAM 210-230 )
330122 30-01234 Atlantic City Electric Deepwater 3R 394045 753027 Pennsville MRPAM 154-234 20
330125 30-00151 Atlantic City Electric Deepwater 5 394051 753030 Pennsville MRPAM 149-219 46
330126  30-01080 E I duPont Ranney 7 394057 752950 Pennsville MRPAU 52-140 2
330135 30-00987 E I duPont Ranney 5 394110 752955 Pennsville MRPAU 47-116 175
330137  50-00003 E I duPont E07-WO1IF 394112 753028 Pennsville MRPAL 317-347 5
330316 30.02322 E I duPont R09-R02C 394121 752921  Carneys Point MRPAU - 203
330319 30-01272 E I duPont Q13-R0ICD 394139 752925 Camneys Point MRPAM - 3
330320 -- E I duPomt Layne 3 394140 752953 Cameys Point MRPAM - 2
330321 30-01271 E I duPont" 103 394143 752940  Carneys Point MRPAM - 228
330322 - 50-00004 E 1 duPont Carmney Pt 2 394149 752916 Cameys Point MRPAM 169 -219 17
330326 30-00423 E I duPont Carney P14 394153 752928 Carneys Point MRPAU - 001

330328 30-01109 E I duPont Camey Pt 1 394157 752918  Carneys Point MRPAM 175-195 21
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Table 4.--Ground-water withdrawals from the Potomac-Raritan-Magothy aguifer system in the vicinity of dredge-spoil disposal sites --
continued
USGS  State of Owner Local Identifier Latitude Longitude Township Aquifer Screen  With-
Well New Jersey Interval  drawal
Number Permit Number (&)  (Mgally)
330331 3001099 Penns Grove WSC Schultes Well 394205 752657 Cameys Point MRPAM 47-62 97
330335 30-01133 E I duPont Carney Pt 7 394212 752751  Camneys Point MRPAL 411-417 17
330345 50-00102 Penns Grove WSC PGWSC 2B/RF1A 394241 752711  Carneys Point MRPAU 45-58 72
330346 30-00563 Penns Grove WSC Ranney 7 394256 752718  Camneys Point MRPAL 317-357 243
330360 28-10466 Pennsville T WD PTWD 5 393750 753131 Pennsville MRPAU 101 - 117 117
330361 30-01815 Penns Grove WSC Layton 4 394205 752700 Camneys Foint MRPAU 44-54 71
330364 34-01031 Public Service E-G PW S35 392743 753158 Lower AllowaysCr  MRPAM 765 - 840 143
330385 -- Public Service E-G 3-74 392754 753215 Lower AllowaysCr MRPAM - 13
330452 34-01074 Public Service E-G Hope Creck 392751 753207 Lower Alloways Cr MRPAM 746 - 817 61
330453 30-03013 Pennsville T WD PTWD 6 393957 753017 Pennsville MRPAM 99-114 73
330460 30-03310 Perns Grove WSC PGWSC 1A/RF2A 394247 752714 Cameys Point MRPAU 41-61 82
330671  30-05148 Pennsville T WD PTWD 3A 393954 753013 Pennsville MRPAU 8§7-102 10

330997 30-06023 B F Goodrich Co 10 394547 752535 Oldmans MRPAM 76 - 105 *
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Table 7.-- MWWWMMM
South, 15G sites, Penns Neck, and Killcohook Sites

 [Water altitude adusted to estimated mid-tide level, as necessary; * - water-level data reported by owner,
-- - information not available, unknown, or not applicable]

USGS State of Ovwmer Local Identifier Latimde Longimde Land Screened Date /Time  Water Tide-
Wwell New Jersey Surface Interval Measured  Altitude  adjusted
Number Permit Number Altitude: (ft) (ft) Water
(fr) Altitade
by
Upper aquifer of the Potomac-Raritan-Magathy aquifer system.
150240 30-00973 - Del Monte Corp 9 394510 751838 32 190-231 372895 1625 - -19 -
150617 USGS Shiveler upper 394637 751916 31 60-70 323095 1338 -6 -
150707 50-00077 USGS Gaventa W TAB 394800 751936 7 6-7 32305 1154 4 -
330076 30-00661 Gachring Gaehring 1 394328 752446 27 118-123  4/1795 1247 2 .
330109 30-01322 Ganes Chemical 1973-1 393734 753149 5 116-131 4/1705 1451 4 -
330111 30-01253 Pennsville T WD Hook RD OBS 393746 752955 10 190-235 404595 1140 -20 -
330128 E I duPont NO4-M1D 394102 752946 12 108-113  4/0595 1342 0 -
330342 Srate of NJ Penns Grove 24 394236 752724 18 46- 51 4/04/95 1536 4 -
330348 State of NJ Penns Grove 14 OBS 394317 752619 25 - 40705 1000 20 -
330360 28-10466 Pennsville T WD PTWD 5 393750 753131 10 101-117 4/04/95 1100 -2 -
330361 30-01815 Penns Grove WSC Layton 4 304205 752700 13 44 -54 40695 1245 7 -
330408 30-00815 Pedricktown Swim Swim1l 394450 752410 15 26-36 41185 1132 2 -
*330671 30-05148 Pennsville T WD PTWD 3A 393954 753013 7 87-102 32205 - 2 -
330686 30-08335 Pennsville TWP PTWD4ARPL 393749 753149 10 110-130 40495 1045 0 -
330745 30-04948-2  Adantic City Elec Co Deepwater MW3 394054 753028 9 3-18 4/06/95 1750 3 -
Middle aquifer and Undifferentiated part of the Potomac-Raritan-Magathy aquifer system.
150135 30-01314 Shell Oil Co Obs Well 8A 394516 752241 T 130-180 3728085 1455 -1 -
150140 30-01248 Pureland Water Co Test Well 4 394608 752135 6 132-184 3728095 1415 2 -
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Table 7.-- Water levels measured in wells in the vicinity of the Raccoon Island. 15D, Oldmans #1, Pedricktown North, Pedricktown
South. 135G sites, Pepns Neck, and Killcohook Sites -- continued

USGS  State of Owner Local Identifier Latitude Longitude Land  Screened Date f Time  Water Tide-
Well New Jersey Surface Interval Measured  Altitude adjusted
Number Permit Number Altitude {ft) {ft) Water
(fo) Altitude
(ft)
150166 30-00410 Penns Grove WSC * Bridgeport 2 364755 752108 5 65-85 406/95 1045 1 -
150167 30-01170 Monsanto Chem Monsanto 1 394726 752319 10 64 -94 327095 1541 9 -
150170 3001220 Yine Concrete Co Repaupo 1 394854 751906 11 85-106 372395 1013 3 -
150389 Monsanto Chem Obs 2 394757 752346 18 71-76 32795 144 -7 6
150540 30-02621 US EPA EPA 108 394800 751936 7 87-97 3/2305 1149 3 -
150569 30-02405 Pureland Water Co PWC3 394529 752045 32 161-201 328895 1035 -5 -
150585 30-02522 Rollins Env Services DP5 394704 752058 8 79-89 32795 1021 1 --
150586 30-02539 Rollins Env Services DP4 394720 752052 12 95-125 32795 1013 2 -
150616 USGS Shiveler middle 394637 751916 31 230-240 372395 1333 -6 -
150620 30-03677 USGS Gaventa middle 1 394804 751933 7 131-141  323R5 1117 6 -
151116 Moensanto Chem MW-1D 394738 752357 13 4-14 32705 1504 -12 -12
330072 30-00206 NJ Turnpike Auth 18-1 394154 752351 35 342-368 40395 1100 -1 -
330082 30-00660 Bridge, Bruce H Bridge 394542 752603 6 - 32395 1320 -10 -
330083 30-01139 B F Goodrich CO 10 394547 752535 10 93-133 32785 1321 -20 -
330103 30-00467 Penns Grove S A 1 394346 752828 8 50 - 60 32705 1151 2 2
330106 Linski Alex 1 393514 752917 5 359-365 4/1195 1406 -30 -
*330118 50-00041 Peansville T WD PTWD 1 393958 753045 8 213-238 22195 - 22 21
330119 30-00018 Pennsville T WD PTWD 2 394009 753043 7 210-230 404095 1355 4 -4
330122 30-01234 Atlantic City Elec Co Deepwater 3R 394045 753018 10 165-235 4/06/95 1810 -56 .56
330131 30-01054 E I duPont HO05-MO1E 394109 753009 8 237-247 4/0595 1225 42 <40
330132 30-01055 E I duPont HO5-MO02E 394100 753009 9 192-200 40505 1226 <43 41
330141 30-01052 E I duPont H11-MOIE 394131 753006 9 197-207 40505 1237 42 40
330334 30-00621 E I duPont Camey P16 394211 752901 5 157-182 4/0595 1311 43 -
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Table 7.-- Water levels measured in wells in the vicinity of the Raccoon Island, 15D, Oldmans #1, Pedricktown North, Pedricktown

South, 15G sites, Penns Neck, and Killcobook Sites -~ continued
USGS  State of Owner Local Identifier Latimde Longitude Land Screened Date /Time  Water Tide-
Well  New Jersey Surface Interval Measured  Altitude  adjusted
Number Permit Number Alttude (v {1 Water
(ft) Altitade
(ft)
330431 30-01659 Penngville T WD TW 1 393753 753140 10 102-117 41185 1330 O -
330444 Corps of Engineers DGB 100 394459 752702 23 83-88 4/1195 0907 12 .-
330449 30-02228 Corps of Engineers EHW-5 394614 752539 10 32-37 41195 (958 5 -
330450 30-02238 Corps of Engineers EHW-6 394516 752750 10 28-33 4/1195 0907 S 5
330453 30-03013 Pennsville T WD PTWD 6 393957 753017 10 99-114 40495 1205 -5 -
330704 30-06023 Geon Co 10 394547 752535 10 76-105 327095 1321 20 -
330993 30-03545-7 E IduPont F(7-M01D 394115 753019 10 88-93 411095 1233 -9 -7
330994 30-05614-4 E IduPont L19-M0OID1 394202 752949 12 121-126 405095 1258 2 4
330995 30-05495-8  E I duPont T29-MO01C 394245 752907 6 71-76 40505 1330 1 3
330996 30-08967 Corps of Engineers EHW-§ 394626 752519 20 -51 4/1195 1010 4 -
Lower aquifer of the Potomac-Raritan-Magathy aquifer system.

150133 30-01222 Pureland Water Co Test Well 1 394510 752244 20 317-367 3728095 1510 4 -
150139 30-01223 Pureland Water Co Test Well 3 394608 752135 7 301-345 372805 1355 -10 --
150349 Pureland Water Co Landtect 2 394650 752316 6 170-220 3/28/95 1235 4 -
150398 30-02016 Pettit, Louis 419 394935 751938 1 50 -60 32305 0918 -1 -
150615 USGS Shiveler lower 394637 751916 29 378-388 32395 1342 -13 -
150618 USGS Gaventa deep 394804 751933 7 230-240 32395 1105 -3 -
330086 30-01139 B F Goodrich Co 4 (PW-3) 394557 752523 13 169-189  3227/95 1344 -14 --
330137 50-00003 E I duPont EO7-WOIF 394112 753028 10 317-347 40505 1230 -62 -59
330330 50-00098 Penns Grove WSC Layton 11 394205 752657 16 - 4/06/95 1230 -30 -
330335 30-01133 E I duPont Camey PT 7 394212 752751 1§ 411-417 40505 1351 -28 -
330346 30-00563 Penns Grove WSC Ranney 7 394256 752718 19 317-357 40585 1145 -30 -
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Table 7;.-- Water levels measured in wells in the vicinity of the Raccoon Island, 1 0l ns #1, Pedricktown North_Pedricktown
South, 15G sites. Penns Neck. and Killcohook Sites -- continued

USGS  Stateof Owner Local Identifier Latimde Longitude Land Screened Date /Time  Water Tide-
Well New Jersey Surface Interval Measured ~ Alttude adjusted
Number Permit Number Altinde  (f)) (f)  Water
(ft) Altitude
(0)
330402 Corps of Engineers EHW-1 TEST 394657 752546 6 109-114 41185 1025 4 4
330432 30-01141 B F Goodrich CO 3 394553 752513 10 180-195 327095 - -14 -
330991 30-01913-3  EIduPont P11-MOIF 394131 752926 15 429-434 4)0505 1250 43 -
H11-WO1F 394131 753007 11 307-455 400595 1240 -59 -57

330992 30-01049-7  ElduPont
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HYDROGEOLOGIC CONDITIONS ADJACENT TO THE DELAWARE
RIVER, GLOUCESTER, SALEM, AND CUMBERLAND COUNTIES, NEW
JERSEY

By Anthony S. Navoy and Lois M. Voronin

ABSTRACT

Interest in deepening the shipping channel of the Delaware River from Philadelphia, Penn-
sylvania, downsream through Delaware Bay to the Atlantic Ocean has raised concerns about the
possibility of saltwater intrusion in New Jersey Coastal Plain aquifers adjacent to the Delaware
River and Delaware Bay. This report presents a review of relevant previous investiganons and
hydrogeologic data. The data, based on the work of the previous investigations, include hydro-
geologic framework information, transmissivity maps, potentiometric-surface maps, water-use

information, and concentrations of dissolved chloride in ground water, which can serve as a
baseline for further analysis.

INTRODUCTION

The U.S. Army Corps of Engineers is examining the feasibility of deepening the shipping
channel of the Delaware River from Philadelphia, Pa., downstream through Delaware Bay, to the
Atlantic Ocean. The proposed project would deepen the channel by 5 fi, from the existing depth
of about 40 ft below mean low water (MLW) to about 45 ft below MLW from deep water in
Delaware Bay to Philadelphia, Pa. and Camden, N.J. The consequences of deepening the channel
could affect the nearby ground-water flow systern by allowing saltwater to encroach upriver,
which in turn could allow the saltwater to intrude freshwater aquifers used for potable water
supply. The potential for saltwater intrusion of this kind, however, is limited. Under natural condi-
tions, a ground-water flow system typically discharges water to rivers and bays; if the flow system
is reversed by pumping, saltwater may infiltrate from a river or bay into the ground-water system.
Therefore, the primary concern in this instance is whether saltwater will intrude the aquifers of

the New Jersey Coastal Plain where ground water is withdrawn are made near the Delaware River
and Delaware Bay.

The purpose of this report is to provide hydrogeologic data about the ground-water system
adjacent to the Delaware River and Delaware Bay in New Jersey to serve as a baseline for further

analysis and to enable the identification of areas that may have some sensitivity to the effects of
the channel deepening.

The data tables and maps contained within this report use a well-numbering sysiem consist-

ing of a two-digit county code followed by a four-digit sequence number. The county codes are as
follows: Cumberland, 11; Gloucester, 15; and Salem, 33."

Description of Studv Areg

The proposed channel-deepening project involves the reach of the Delaware River and
Delaware Bay from Philadelphia to the Atlantic Ocean. This study focuses on the reach in prox-

imity to Gloucester, Salem, and Cumberland, Counties in New Jersey, as shown in figure 1. The
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Figure 1. Location of the study area.
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study area extends from the river or bay shore to a point about 2 miles upstream from the
boundary between the freshwater and saltwater wetlands in order to focus on the area of possible
saltwater inmusion. This boundary between freshwater and saltwater wetlands, indicated on figure
1, is based on National Wetland Inventory maps (Smith, 1991). Areas further downstream of

Cumbcrland County were not included in the study area bccause Delaware Bay salinity is near

that of seawater (Sharp, 1988, p. 46); therefore the effects of channel deepening on the ground-
water system in those areas are likely 1o be insignificant.

Regional Hyvdrogeologic Setting

The New Jersey Coastal Plain is a seaward-dipping wedge of unconsolidated sediments that
range in age from Cretaceous 1o Quaternary. These sediments consist mainly of clay, sily, sand,
and gravel. Units that are mostly sand and gravel are more permeable and are considered aquifers.
Those that are mostly silt or clay are relatively impermeable and are considered confining units.
The units that make up the New Jersey Coastal Plain are shown in diagrammatic section in figure
2 and tabulated in table 1, along with their geologic and hydrogeologic names. Hydrostratigraphic
nomenclature differs somewhat on either side of the Delaware River. In order to minimize the

possibility of confusion, table 2 shows the relation between aquifers in New Jersey and those in
Delaware.

Of the New Jersey Coastal Plain aquifers (table 1), only the Kirtkwood-Cohansey. aquifer
system, the Wenonah-Mount Laure] aquifer, and the Potomac-Raritan-Magothy aquifer system
are in hydraulic contact with the Delaware River or Bay and are significant source of water
supply. The Piney Point aquifer, used for water supply in Delaware and several locatons in New

Jersey, underlies the Bay in the subsurface, but is not in direct hydraulic contact. These aquifers
potentially could be affected bv channel deepening.

The Kirkwood-Cohansey aquifer system is primarily an unconfined (water-table) aquifer
that underlies much of southern New Jersey. This aquifer system includes part of the Kirkwood
Formaton, the Cohansey Sand, and the overlying, hydraulically connected sediments of the
Beacon Hill Gravel, the Bridgeton Formation, and the Cape May Fonmation. The aquifer system
is primarily sand with interbedded clay. The Cohansey Sand is coarser than the underlying
Kirkwood Formation. Qutside the study area, in Atlantic County, the sands in the lower part of the
Kirkwood Formation become confined as the sedimentary sequence thickens to the southeast.

These units, the Rio Grande water-bearing zone and the Atlantc City 800-foot sand aquifer, are
not of significance to this study.

The Piney Point aquifer is composed of sand and shell beds. The aquifer does not crop out,
but terminates in the subsurface; thus, it does not receive recharge directly from the land surface.

Ground water does flow, however, between the Piney Point aquifer and overlying or underlying
aquifers.

o mazimd T meecnl Fnw nmcandnieen L

The Wenonah-Mount Laurel aquucl consists of the coarser E',la.ulcu pari of the Wenonah
Formation and the Mount Laurel Sand, both of late Cretaceous age {table 1 and Zapecza, 1989).
The Wenonah-Mount Laurel aquifer extends beneath much of the Coastal Plain of New Jersey in

the subsurface and crops out in a narrow band 1 to 3 miles wide that occurs within the study area
in Salem and Gloucester Counties.
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Table 1. Geologi lggic units in th 1 Plain of New v
Modified from Zapecza, 1989, table 2)

@ seried GEOLOGIC LOGY HYDROGEOLOGIC HYDROLOGIC
SVSTEM' - ONIT LITHO UNIT CHARACTERISTICS
Alluvial ;
s- Hol deposits Sand, sit, and dlack mud. Surlicial material, commanly
clocene - - draufically connected © underyin
5 Beach sand Sanc, quarz, ligni-cofored, medium. to ] . quuifefs_ l_g;a"y S0me units mayy;,;?
g and gravel coarse-grained, pebbly. undifferentated as confining units. Thicker sands are
. C capabla of yielding large quantitiea
Pleistocene F:gﬂ"am of water,
Pernsauken Sanc, cuarz, lightcolored, helerogeneous,
Formation Cayey, paboly.
Bridgeton . )
o ngaﬁm Kickwood- A major aquiler systen. Gmurd
Seacon Hil Cohansey Watsr accurs generatly under
! Beaco Grave:, cuarz, ligri-colored, sandy. ritor waier-1able conditions. In Cape
| . aiavel = May County, the Cohansey Sand
| Miocene | Conansey Sanc, cuarz, igri-coloreg, mecium- 1o system is uncer anesian conciions.
Sand crarse-grained. oeobly, local day heds,
Conlining unit o
FoGran dag = Lhu:x dtammatae«f:us dary bed occurs
] : ct d o 2 ong coastand for a shor distance
Y Kirkewood Sanc, Guarz, gray and tan, very fine- o water-beasing 7068 | infand. A thin waler-bearing sard is
£ Formatian mecium-grained, micacesus, and dark - - N - A :
£ colorec ¢apmaceaus clay. Confining unit present in the middle of this unit.
= Qg(ﬂgcotc;gm A majer aquiler along the toast
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arse-gr R ds m wer,
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Eocene Formation
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Table 2. liz Delawar

[Modified from Vroblesky and Fleck, 1991, pl. 1; Zapecza, 1989, table 2;
and Martin, 1984, p. 5]

DELAWARE
Columbia aquifer

NEW JERSEY
Holly Beach aquifer

Kirkwood-Cohansey
aquifer system

Rio Grande
water-bearing zone

Atlantic City 800-foot
sand aquifer

Chasanezka anuidar

irs e eant Sgents

Piney Point aquifer Piney Point aquifer

Rancocas aquifer Vincentown aquifer

; Wenonah-
Englishtown- Mount Laurel aquiter
Mount Laurel
aquier system Englishtown aquifer
system
Magothy aquifer Upper Potomac-Raritan-

Magothy aquifer

upper Polomac aquifer

Middle Potomac-Raritan-

middle Potomac aquifer

Magothy aquifer

lower Potomac aquifer

Lower Potomac-Raritan-
Magothy aquifer

Basement rocks

Basement rocks

The Englishtown aquifer system, an important water-supply source in the central and north-
eastern parts of the New Jersey Coastal Plain, becomes clayey and silty in the viciniry of Glouces-
ter County and southward to Delaware Bay, and therefore is not of significance to this study.

The Potomac-Raritan-Magothy aquifer system contains upper, middle, and lower aquifers
separated by intervening confining units. It is bounded above by the Merchantville-Woodbury
confining unit and below by the bedrock surface. The Upper aquifer generally corresponds to the
sands of the Magothy Formation, and the Middle and Lower aquifers generally correspond to the

sand deposits within the undifferentiated Raritan Formation and Potomac Group, respectively

(table 1). Further discussion of these aquifers and the other hydregeologic units of the New Jersey
Coastal Plain is given in Zapecza (1989).
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nce f Saltwater Intrusion

Saltwater intrusion is a concern when ground water is withdrawn from an aquifer that is
hydraulically connected with a salty surface-water body, such as Delaware Bay. A water-level
gradient may occur that can induce saitwater to flow toward a well (Freeze and Cherry, 1979, p.
375). The water level in a well can be drawn down to an altitude below sea level by pumping.
Seawater enters the aquifer at the point of connection and flows downgradient (“downhill”)
through the aquifer toward the well. Eventually, the saltwater may armrive at the well, possibly ren-
dering the ground water unpotable. This situation is depicted in figure 3. The length of time neces-
sary for saltwater to move from its source to 2 nearby well depends on the distance, the rate of
pumping, and the hydraulic propertes of the aquifers, and may total years, decades, or centuries
as a result of the generally slow velocity of ground water. Whether or not the water in the well
eventually becomes unpotable depends on the proportion of saltwater in the well’s total contribut-
ing flow. Intrusion can occur in rwo ways, lateral intrusion and upconing. These two aspects are
shown in figure 3. The horizontal movement of saltwater through an aquifer is called lateral intru-
sion. The vertcal movement of saltwater, perhaps through a confining unit, is called upconing.
This process typically occurs directly beneath pumping wells.

Another possible avenue for saltwater intrusion in New Jersey’s Coastal Plain aquifers is the
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(Meisler, 1980; Meisler and others, 1984) as a result of the operation of natural processes over
geologic time. This subsurface saltwater also can be affected and moved by water-supply with-
drawals, resulting in the same pathways depicted in figure 3. Given the proper circumstances,
saltwater could intrude into New Jersey’s Coastal Plain aquifers from salty surface-water bodies
or from naturally occurring subsurface saltwater. Further study would be required at any locale to

Pumped well
Water table m Land surface

— Water level Sea level
Unconfined /in well Gradient between saesseee? T
aquifer | Vo esaansnseere well and bay

*i1% Confining unit
- Laieiai

Confined ~<— intrusion 4———-
aquifer of saltwater

~"“‘%1'.:"
pconlng

R

of sa(twg}gr ﬁqu“er

Figure 3. Two aspects of saltwater intrusion (Modified from Heath, 1987, p. 68).




determine the source of observed saltwater in an aquifer and the process(es) responsible for its
movement.

Previous Investieations

The relevant previous hydrogeologic investigations of the study area can be organized into
three general categories: investigations pertaining to general hydrogeology and ground-water

resources, and investiganons of ground-water quality, and quantitatve investigations of ground-
water flow. These investigations are summarized below.

General Hydrogeology and Ground-Water Resources

ale and others (1938} summarized the available u-rnnnﬂ-nrarnr rac < tha lhwrar

Delaware Valley. They observed the deepening cones of depresszon in the Potomac-Raritan-
Magothy aquifer system in the Camden metropolitan area. Greenman and others (1961) focused
on the Coastal Plain deposits in southeastern Pennsylvania. They amassed a significant collection
of well logs and developed fence diagrams and swatigraphic correlations across the area. They
attempted to relate the hydrosmatigraphy in the Philadelphia area to that devised by other workers
in the Raritan Bay area of the northern New Jersey Coastal Plain. Their usage of Potomac-
Raritan-Magothy aquifer system subdivisional nomenclature from the northeastern New Jersey
Coastal Plain has not persisted in the Philadelphia and Camden areas. Hardt and Hilton (1969),
Rosenau and others (1969), and Rooney (1971) conducted ground-water investigations in Glouc-
ester, Salem, and Cumberland Countes, respectively. These works represent a significant source
" of quantitative data on the Coastal Plain aquifers, including hydrostratigraphic, water-level

water-use, and water-quality data. Hardt (1963) summarized information pertaining to existing
public water supplies in Gloucester County.

Q.

gated the hydrogeology of Greenwich Township, Gloucester County, which is adjacent to the
Delaware River. Their report is a source of potentiometric-surface maps of the Potomac-Raritan-
Magothy aquifer system and many well logs. Lewis and others (1991) investigated the hydrogeol-

ogy and ground-water quality of Logan Township, Gloucester County, and adjacent areas in

Several studies have focused on specific townships. Barton and Kozinski (1991) invest-
Salem County, which also border on the Delaware River.

Duran (1986) used surface geophysical methods to determine the type and distribution of

Limttocn o Ao tha chim ~rhannal Aftha Talaynea Divar haturaan Nacthaneot Dhiladalmbkia Da
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and Wilmington, De. Walker (1983), and Eckel and Walker (1986) compiled water-level of the

major aquifers of the New Jersey Coastal Plain, measurements in 1978 and 1983, respectively,
and prepared regional potentiometric-surface maps.

Ground-Water Quality

Seaber (1963) compiled 8,957 determinations of disselved-chloride concentrations in water
samples collected during 1923-61 from 884 wells in the New Jersey Coastal Plain, including 78

soiadin 4 20222, ArTANARARlE

wells in Gloucester County, 74 wells in Salem County, and 3 wells in Cumberland County
Schaefer (1983) compiled dissolved chloride measurements for selected wells in the New Jersey
Coastal Plain sampled during 1977-81. Within the study area, 21 wells were sampled in Glouces-

ter County, 24 wells were sampled in Salem County, and 5 wells were sampled in Cumberland

°



County. The report identifies several high chloride concentrations measured in the Piney Point
aquifer at Gandys Beach in Cumberland County, and indicates that the source of the chloride is
cither existing dissolved chloride in the aquifer, leakage of high-chloride water from Delaware
Bay through the overlying Kirkwood Formation, or the result of a break in the casing of one of the
wells (Schaefer, 1983, p. 40). Fusillo and Voronin (1981), and Fusillo and others (1984) compiled
existng water-quality data for the Potomac-Raritan-Magothy aquifer system between Trenton
and Pennsville, and included information on organic as well as inorganic constituents. Knobel
(1985) presents a compilation of ground-water-quality data for the Atlantic Coastal Plain, includ-

ing the States of New Jersey, Delaware, Maryland, Virginia, and North Carolina. This .source
provides a broad perspective on the range in water-quality constitents.
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Delaware Estuary. One part of that study, authored by Lennon and others (1986), reviewed the
effects of saltwater encroachment in the Delaware River during the drought of the mid-1960’s and
the subsequent intrusion of saltwater into the Potomac-Raritan-Magothy aquifer system in the

Camden area. Although water-supply wells were not rendered unpotable by this episode, the
occurrence does validate the concerns about saltwater intrusion.

“tj

Ground-Water Flow

Luzer (1980) and Harbaugh and others (1980) used a single-layer ground-water flow model
of the Potomac-Raritan-Magothy aquifer system across the New Jersey Coastal Plain to examine
flow paths and management strategies. Their analysis was limited by coarse horizontal discretiza-
tion and the two-dimensional perspective of flow; however, they attempted to quantify the flow
between the Potomac-Raritan-Magothy aquifer system and Delaware River, and to test several
barrier-well strategies to reduce the updip movement of deep saline water within the Potomac-
Raritan- Maeothy aquifer system. Sloto (1988) developed a ground-water flow model of the

oo T et W, THPL T 3 - and macthe Nan: Tarcpsr tn
Lower Poiomac- RATIAN-VIAZ0iny aqucr in P‘i‘ul&d‘c‘ly'i‘uﬁ and near oy New ]cmcy 1o test various

management strategies. Zapecza and others (1987), Zapecza (1989), and Martin (in press), as part
of the USGS Regional Aquifer System Analysis (RASA) of the North Atlantic Coastal Plain
project, undertook a detailed definition of the hydrostradgraphy of the New Jersey Coastal Plain
and an assessment of ground-water flow using a 11-layer flow mode!l. These investigations repre-
sent benchmark studies of the hydrogeology of the New Jersey Coastal Plain. They provide a
regional perspective that will facilitate further study at a finer resolution. Navoy and Carleton
(1995) simulated the flow of ground water between the Potomac-Raritan-Magothy aquifer system
and the Delaware River in the Camden, New Jersey, area, including Gloucester County. They
found that the cones of depression in the aquifer system are inducing a flow of about 29 Mgal/d
into the aquifer system from the river and that the potential exists for saltwater intrusion into the
aquifer system during drought or conditions of future sea-level rise.

HYDROGEOLOGIC CONDITIONS

The hydrogeologic conditions that control the movement of ground water, including that of
intruding saltwater, are the physical framework of the aquifers and confining units, commonly
termed the hydrogeologic framework; the transmissivity of the aquifers; the water-level configu-
ration within and between aquifers that is used to determine the potentiometric gradient; the rate



of ground-water withdrawals; and the chloride concentration in the ground water. The available
information about these conditions in the study area is presented below.

vdrogeologi W T issivity
The physical framework of hydrogeologic units is commonly described by using two types
of contour maps: a map showing the altitude of the top or bottom of the unit and a map showing
the thickness of the unit. These types of maps are presented for the Kirkwood-Cohansey aquifer
system, the Piney Point aquifer, the Wenonah-Mount Laurel aquifer, and the Potomac-Raritan-
Magothy aquifer system in the study area. These maps were derived from the maps of the entire
New Jersey Coastal Plain produced by Zapecza (1989). The maps of the transmissivity of the

aquifers were derived from the modeling study of the New Jersey Coastal Plain aquifers by
Martin (in press).

Kirkwood-Cohansey Aquifer System

The Kirkwood-Cohansey aquifer system is generally the unconfined (water-tabie) aquifer
where it exists in the study area. It is in direct contact with the Delaware River and associated
tidal tributaries in Salem and Cumberland Counties. The aldtude of the base of the Kirkwood-
Cohansey aquifer system is shown in figure 4. Because it crops out at land surface, the aquifer’s
thickness can be determined bv calculating the difference between the elevation of the land

surface and the altitude of the base of the aquifer (fig. 4). The transmissivity of the Kirkwood-
Cohansey aquifer system is shown in figure 5.

Piney Point Aquifer

The Piney Point aquifer is confined throughout the study area. It does not crop out in New
Jersey, but exists only in the subsurface. The aldrude of the top of the Piney Point aquifer is
shown in figure 6, its thickness is shown in figure 7, and its transmissivity is shown in figure 8.

Wenonah-Mount Laurel Aquifer

The Wenonah-Mount Laurel aquifer crops out along the Delaware River in Salem County,
where it is in direct contact with the river and associated tidal tributaries. The altitude of the top of

the Wenonah-Mount Laure! aquifer and its outcrop area are shown in ficure 9, its thickness is
shown in figure 10, and its transmissivity is shown in figure 11.

Potomac-Raritan-Magothy Aquifer System

The Potomac-Raritan-Magothy aquifer system crops out along the Delaware River in
Gloucester and northern Salem Counties. In places within the study area, one or several of its con-
stituent aquifers are in direct contact with the river and associated tidal tributaries. In Cumberland
and southem Salem Counties, the Potomac-Raritan-Magothy aquifer system is confined. The
altitude of the top of the Upper Potomac-Raritan-Magothy aquifer and its outcrop area are shown
in figure 12, its thickness is shown in figure 13, and its transmissivity is shown in figure 14. The
altitude of the top of the Middle Potomac-Raritan-Magothy aquifer and its outcrop area are shown
in figure 15, its thickness is shown in figure 16, and its transmissivity is shown in figure 17. The
aldtude of the top of the Lower Potomac-Rarnitan-Magothy aquifer and its outcrop area are shown

in figure 18, its thickness is shown in figure 19, and its transmissivity is shown in figure 20.
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Figure 18. Altitude of the top of the Lower Potomac-Raritan-Magothy aquifer
and its outcrop area (Modified from Zapecza, 1989, pl. 6).
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Ground-Water Levels

Ground-water levels can provide useful information about the direction of ground-water
flow between and within aquifers, as well as between surface-water bodies and the ground-water
system. Ground-water levels are typically compiled and presented in the form of potentiometric-
surface (or water-level) contour maps. Because the Kirkwood-Cohansey aquifer system is uncon-
fined, and contains the water table over much of the study area, and water-table potentiometnic-
surface maps are typically complex, a potentiometric-surface m

.
H an nf tha annifer cuctam wac no
Nllldve MIdp Vi Wb Quuidivl Oy olvill wWad uut

compiled. The potentiometric surfaces of the other aquifers used for water supply in the study
area have been mapped by Rosman and others (1995). The potentiometric surface of the Piney
Point aquifer is shown in figure 21, the Wenonah-Mount Laurel aquifer in figure 22, the Upper
Potomac-Raritan-Magothy aquifer in figure 23, the Middle Potomac-Raritan-Magothy aquifer in
figure 24, and the Lower Potomac-Raritan-Magothy aquifer in figure 25. The individual data-

point locations and water levels are tabulated in Rosman and others (1995). Earlier data can be
found in Zapecza and others (1987).

nd-Water Withdrawal

The locations of and rates of withdrawal from water-supply wells are important pieces of
information in an investigation of saltwater intrusion. As described earlier in this report, ground-
water typically discharges to surface-water bodies near estuaries and the ocean. This fiow direc-
tion can be reversed when ground-water withdrawals rates are sufficient. Wells located more than
2 miles from the Delaware River were found by Navoy and Carleton (1995) not to be affected by
the river. For the purposes of this report, wells located more than 2 miles from the present extent
of saltwater wetlands are not likely to be affected by the proposed changes in the Delaware River
channel, and, thus, need not be considered. Wells in Gloucester County, located within 2 miles of
saltwater wetlands or the Delaware River, and for which withdrawals are reported to the New
Jersey Department of Environmental Protection (NJDEP) are shown in figure 26 and are tabulated
in table 3 (at end of report). These include water-supply wells of public-water purveyors, com-
mercial interests, and industrial concerns, but do not include private domestic wells, for which
reporting is not required in New Jersey. Irigation wells are indicated separately on the map
because of their seasonal use; they are not included in table 3 because they are subject to different
NJDEP reporting requirements. This information was retrieved from the USGS, New Jersey Dis-
trict, State Water Use Database System (SWUDS). Similarly, withdrawal wells in Salem County
located within 2 miles of saltwater wetlands or the Delaware River are shown in figure 27 and are
tabulated in table 4 (at end of report). Withdrawal wells in Cumberland County located within 2
miles of saltwater wetlands or the Delaware River are shown in figure 28 and are tabulated in
table 5 (at end of report). Information about irrigation wells in Gloucester, Salem, and Cumber-
land Counties located within 2 miles of saltwater wetlands or the Delaware River is tabulated in
table 6 (at end of report), but water use is not reported. For further analysis, irrigaton water use

could be estimated by crop type by using water-demand estimates outlined in Clawges and Titus
(1993).

hlor ncentrations in nd Water

Dissolved chloride, 2 major component of seawater, 1S commonly used as an indicator of
saltwater intrusion into the ground-water system. The dissolved-chloride concentraton in

_ seawater is about 19,000 mg/L (Hem, 1970, table 2). The U.S. Environmental Protection
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Figure 21. Potentiometric surface of the Piney Point aquifer, 1988
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Agency’s (USEPA) secondary drinking-water regulation (U.S. Environmental Protection Agency,
1989) for the recommended maximum concentration of dissolved chloride is 250 mg/l.. Because
of the reladvely high concentration of chloride in seawater compared to the drinking-water stan-
dard, it is evident that only a small proportion of seawater could render drinking-water supplies
unpotable. The water of Delaware Bay is a mixture of freshwater from the river and saltwater
from the Atantic Ocean; therefore, the dissolved-chloride concentration is lower than that of the
ocean. The point in the Bay where the chloride concentration is about one-half that of seawater is
in the reach adjacent to Salem and Cumberland Counties (Sharp, 1988, p. 46). The exact locaton
of this point moves continuously and dependents on condidons of tide, wind, and flow of the
Delaware River. Upstream from Philadelphia, the dissolved-chloride concentration in the

Delaware River is generally less than 20 mg/L (McCarthy and Keighton, 1964, table 7).

The chloride concentation in ground water in the study area can provide the baseline for
comparison to future data or prediction of possible future effects of saliwater intrusion, and for
comparison to the concenmations in Delaware Bay and the Delaware River outlined above. This
information is presented herein by county. Wells in Gloucester County located within 2 miles of
saltwater wetlands or the Delaware River for which dissolved-chloride-concentration data 1s
available are shown in figure 29. The wells where the dissolved chloride concentraton exceeds
the USEPA standard of 250 mg/L are noted on the map. Similarly, wells in Salem County located
within 2 miles of saltwater werlands or the Delaware River for which dissolved-chloride-concen-
tration data are available are shown in figure 30. Wells in Cumberland County located within 2
miles of saltwater wetlands or the Delaware River for which dissolved-chloride-concentration
data are available are shown in figure 31. The data on dissolved chloride concentration shown in
fipures 29, 30, and 31 are tabulated in table 7 (at end of report). This represents the most recent
information available from the USGS, New Jersey District, water-quality data base.

Weli-L i nd -Construction D

Location and constructon information for wells used in this report are presented in table 8

(at end of report). This information was retrieved from the USGS, New Jersey District, Ground-
Water Site Inventory data base (GWSI).
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Table 3. Withdrawal wells in Gloucester Countv located within 2 miles of saltwater

wetlan r the Delaware River

[MRPA, Pumc-Rm-Mago%lﬁfer sysiem (undifferendated); MRPAL, Lower Potomac-Raritan-Magothy aquifer; MRPAM, Middte Po-
tomac-Raritan-Magothy aquifer; AL, Uppe ?gmac-Ra_man-Ma%?!hy aquifer; QRNR, Quaternary sands; —, missing information; TWP,
Township: BORO, Borough; MUA, Municipal Udlides Awthority; WD, Water Department; WC, Water Campany, WSC, Water Supply Company;
IN, industrial; IR, irrigation; WS, public supply; CO, commercial or company, U, unused: Z, destroyed)

NJ. Well 1992

Well Local Permit  Withdrawals
Number Owner : -~ Identfier Aquifer Use Number (Mgalfy)
150024 DEPTFORD TWP MUA DTMUA 4 MRPAM WS 31.05513  127.110
150065 GREENWICH TWP WD GTWD2(NEW3) MRPAU WS 30-00036 63.802
150069 GREENWICH TWP WD GTWD3(NEW4) MRPAM WS 30-00737 101534
150070 GREENWICH TWP WD GTWD I(NEW2) MRPAM U  -- 0.000
150072 EI1DUPONT REPAUNO 3 MRPAM IN  30-00037 13,413.500
150073 EIDUPONT REPAUNONITRI MRPAM IN 3000078 0.000
150076 HERCULES CHEMICAL 41970 MRPAM IN  30-01224 10.647
150078 EIDUPONT REPAUNO 4 MRPAM IN - 0.000
150079 EI1DUPONT REPAUNO 6 MRPAM IN  30-01145 86.630
150080 EIDUPONT REPAUNO 2 MRPAM IN - 0.000
150081 EIDUPONT REPAUNO 5 MRPAM  IN  30-00907 0.000
150082 EIDUPONT REPAUNO 1 MRPAM IN .- 0.000
150084 HERCULES CHEMICAL GIBBSTOWN 2 MRPAM U 30-00231 0.000
15008¢ HERCULES CHEMICAL GIBESTOWN 1 MRPAM IN  30-00230 0.000
150091 EIDUPONT REPAUNO W MRPAL IN  30-00024 0.000
150092 HERCULES CHEMICAL GIBBSTOWNTH6 MRPAM U  30-00317 0.000
150093 MOBIL OIL CORPORATION MOBIL 46 MRPAM IN  30-00049 3,573.268
150094 MOBIL OIL CORPORATION MOBE. 44 MRPAM IN  50-00019 0.000
150098 MOBIL OIL CORPORATION MOBIL 45 MRPAM IN  50-00020 0.000
150101 MOBIL OIL CORPORATION MOBLL 40 MRPAL, U - 0.000
150102 EIDUPONT REPAUNO 20 MRPAL N - 0.000
150103 EIDUPONT REPAUNO H MRPAL IN - 0.000
150104 EI1DUPONT REPAUNOJ MRPAL IN - 0.000
150106 EIDUPONT REPAUNO G MRFA N - 0.000
150109 MOBIL OIL CORPORATION MOBIL 41 MRPAL IN  50-00018 0.000
150118 MOBIL OLL. CORPORATION MOBIL 47 MRPAL IN  30-00198 75.450
150144 PURELAND WC ' 1-1973 MRPAM WS 30-01370 85.665
150154 ROLLINS ENVIRONMENTAL | MRPAM U  30-01181 0.000
150158 MONSANTO COMPANY BRIDGEPORT W2 MRPA IN  30-00873  207.580
150159 MONSANTO COMPANY BRIDGEPORTE1 MRPA IN  30-00872 53.480
150166 PENNS GROVE WSC BRIDGEPORT2 MRPAM WS 30-00410 0.000
150207 NATIONAL PARK BORO WD NPWD2 MRPAL WS 3102555 71.814
150210 PAULSBORO WD 6-1973 MRPAM WS 30-01348  292.085
150212 PAULSBORO WD PWD 4 MRPAM WS  30-00069 16.926
150213 PAULSBCORO WD PWD 5 MRPAM WS 30-00602 7.364
150215 PAULSBORC WD PWD2 MRPAM WS -- 0.000
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Table 3. Withdrawal wells in Gloucester Countv located within 2 miles of saltwater

wetlands or the Delaware River -- continued

Well

1992
Well Local Permit  Withdrawals
Number Owner Identifier Aquifer Use Number (Mgalfy)
150216 PAULSBORO WD PWD3 MRPAM WS - 0.000
150218 MOBIL OIL CORPORATION MOBIL 33 MRPAL 9] - 0.000
150220 ESSEX CHEMICAL CO OLIN 1 MRPAL IN  30-00281 0.000
150221 ESSEX CHEMICAL CO PAULSBORO 1 MRPAL IN  30-01185 0.000
150304 PENNWALT CORPORATION 418 MRPAL N 30-01173 266.680
150306 PENNWALT CORPORATION 417 MRPAL IN 3001172 266.680
150312 WEST DEPTFORD WD 6 RED BANK AVE MRPAL WS 51-00063 79.219
150313 'WEST DEPTFORD WD WDTWD 2 MRPAL WS 3104251 0.000
150314 COASTAL EAGLE POINT OIL EAGLEPOINT6  MRPAL IN 3100029 1,827.360
150317 COASTAL EAGLE POINT OIL EAGLE PQINT 7 MRPAL IN 3106834 90.471
150318 COASTALEAGLEPOINTOIL ~ EAGLEPOINT2 MRPAL IN 3100009  0.000
150319 COASTALEAGLEPOINTOIL  EAGLEPQINT4 MRPAL IN  31-00002 0.000
150320 COASTAL EAGLE POINT OIL EAGLE POINT 1 MRPAL IN  31.00007 147.983
150321 COASTAL EAGLE POINT OIL EAGLEPOINT3 MRPAL IN  31-00028 0.000
150322 COASTAL FAGLE POINT OIL EAGLE POINT 3 MRPAL IN  31-00008 0.000
150326 WESTVILLE BORO WD WWD 3 'MRPAL WS 31-05689 0.193
150327 WESTVILLE BORO WD WWD 4 MRPAL WS 31-03418 1,177
150329 WESTVILLE BORO WD WWD 1 MRPAU WS - 0.000
150333 WOODBURY WD TATUM 4 MRPAU 8] 31-00787 0.000
150347 GREENWICH TWP WD GTWD 3 (2-A) MRPAM WS 30-01545 89.052
150348 GREENWICH TWP WD GTWD 6 MRPAM WS 30-01776 63.802
150373  WEST DEPTFORD WD WDTWD 7 MRPAL WS 31-17452 241.080
150406 MOBIL OIL CORPORATION POLLUTE 1 MRPAM Z 30-01966 0.000
150407 MOBIL OIL. CORPORATION POLLUTE 2 MRPAU IN  30.-01965 33.640
150409 LOGAN TWP MUA NO-1-1975 MRPAM WS 30-01448 0.000
150410 COASTAL EAGLE POINT OIL EAGLE POINT 4A MRPAL IN  31-10647 0.000
150411 AR PRODUCTS & CHEMICALS NO-1-1978 MRPAL IN  30-01639 0.000
150416 MOBIL OIL CORPORATION 2-197§ MRPAU Z 30-01812 0.000
150423 MORIL OIL. CORPORATION MOBIL 28 MRPAM U - 0.000
150428 MOBIL OIL CORPORATION MOBIL 36 MRPAM U - 0.000
150430 COASTAL EAGLE POINT OIL EAGLE POINT 6A. MRPAL IN 31-17788 288.890
150434 WESTVILLE BORO WD WWD6 MRPAL WS 31-17923 0.000
150437 POLYREZ COMPANY INC IR MRPAU N 31-17980 0.000
150439 ESSEXCHEMICAL CO ESSEX 2 MRFPAL N 3001175 0.000
150533 NATIONAL PARX BORO WD NPWD 6 MRPAL WS 31-17938 71814
150548 CHEMICAL LEAMAN CLDW MRPAU IN  30-02504 0.000
150632 HERCULES CHEMICAL HERCULES PW 6 QRNR IN  30-03315 0.000
150672 AIR PRODUCTS & CHEMICALS NORTH WELL MRPAL IN  30-01640 0.000
150692 EIDUPONT INTERCEPTOR 46 MRPAM IN  30-03594 152.010
150814 MOBIL OIL CORPORATION RW-12 QRNR IN  30-02336 37.190
150815 MOBIL OIL CORPORATION RW-11 QRNR U 0.000
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Table 3. Withdrawal wells in Gloucester County located within 2 miles of saltwater

wetlands or the Delaware River -- continued

Well 1992

Well Local Permit  Withdrawals
Number Owner Identifier Aquifer Use Number (Mgalfy)
150816 MOBIL OIL CORPORATION RW-17 QRNR U 30-02338 0.000
150817 MOBIL OIL CORPORATION RW-16 QRNR IN  30-02341 2.376
150818 MOBIL OIL CORPORATION RW-15 QRNR IN  30-02339 0.170
150819 MOBIL OIL CORPORATION RW-14 QRNR IN  30-02334 21.420
150820 MOBIL OIL CORPORATION Rw-2 QRNR v - 0.000
150821 MOBIL OIL CORPORATION RW-3 QRNR IN  30-01908 75.450
150822 MOBIL OIL CORPORATION Rw-4 QRNR N 30-01910 38.420
150823 MOBIL QIL CORPORATION RW-5 QRNR IN  30-01909 30.781
150824 MOBIL OIL CORPORATION RW-6 QRNR N 30-01905 16.65%
150825 MOBIL OIL CORPORATION RW-7 QRNR U - 0.000
150826 MOBIL OIL CORPORATION RW-8 QRNR IN  30-01906 35.025
150827 MORIL OIL CORPORATION RW-9 QRNR N - 33.645
150828 MOBIL OIL CORPORATION RW-18 QRNR N - 0.860
150832 MOBIL OIL CORPORATION RW-13 QRNR U 30-02340 . 0.000
150833 HERCULES CHEMICAL PW-10 MRPAM N - 10.647
150834 HERCULES CHEMICAL PW-9 MRPAM U - . 0.000
150835 HERCULES CHEMICAL PW-8R MRPAM U - 0.000
150836 HERCULES CHEMICAL PW-8 QRNR U - 0.000
150837 HERCULES CHEMICAL PW-7B MRPAM IN - 0.403
150838 HERCULES CHEMICAL PW-3B MRPAM IN - 6.393
150839 BP OIL COMPANY RW-3 QRNR U 30-03430 0.000
150963 POLYREZ COMPANY INC POLYREZ 1-1971 MRPAM U  30-01252 000
151034 HERCULES CHEMICAL HERCULES PW 11 MRPAM IN  30-04319 52.040
151061 MOBIL OIL CORPORATION W-4D MRPAL IN  30-03612 0.000
151062 MOBIL OIL CORPORATION 4-C MRPAL [8) 30-03611 0.000
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Table 4. Withdrawal wells in Salem County located within 2 miles of sal r wetlands or

he Delaware River

[MRPA, Paromac-Raritan-Magothy aquifer system (undifferentiated), MRPAL, Lower Potomac-Raritan-Magothy aquifer; MRPAM, Middle Po-
tomac-Raritzn-Magothy aquifer; MRPAU, Upper Potomac-Raritan-Vagothy aquifer; MLRW, Wenonah-Mount Laurel aguifer; VNCN, Vinesn-
towa aquifer; -, missing information; WD, Water Department; WC, Water Company; WSC, Water Supply Company; CC, Chab; GC, Golf
Club; SA, Sewer Authority;ST, sew,a]?e trestment; IN, industrial; IR, inigation; WS, public supply; CO, commercial or company; PN, thermo-lec-
tric-nuclear; PF, thermoelectric-fossil fuel; U, moused; T, instintional; Z, deswroyed; C, commerdal)

NJ. Well 1952

Well - Local - - Permit  Withdrawals
Number Owner Idendfer Aquifer Use Number (Mgalfy)
330032 PUBLIC SERVICE ELEC & GAS PW3 MLRW IN  34-00758 53.985
330034 PUBLIC SERVICE ELEC & GAS PW 1 MLRW IN  34-00737 0.000
330035 PUBLIC SERVICE ELEC & GAS PW 2 MLRW N 3400757 0.010
330037 PUBLIC SERVICE ELEC & GAS PW 4 MLRW U 34-00759 0.000
330043 MANNINGTON MILLS INC 3-1956 MLREW N - 0.000
330044 MANNINGTON MILLS INC SCHULTES 3 MLRW IN  30-00735 0.000
330045 MANNINGTON MILLS INC 1-1856 MLRW ™ - 0.000
330046 MANNINGTON MILLS INC SCHULTES 2 MLRW IN - 0.000
330048 MANNINGTON MILLS INC 2-1936 MLRW N - 0.000
330050 SALEM MEM HOSPITAL 1-1950 MLRW T - 0.000
130051 SALEM MEM HOSPITAL 2-1954 MLRW T 30-00279 0.000
330077 PENNSGROVE WSC PEDRICKTOWN 11 MRPAM WS -- 101.760
330079 NOSTRIP CORP NOSTRIP 1 MRPAM IN  30-01149 0.000
330080 ARCO INDUSTRIAL GASES AIRCO 1 MRPAM IN  30-00074 0.000
330082 BRIDGE BRUCE BRIDGE MRPA - 30-00660 0.000
330083 B F GOODRICH CO #9 (PW-1) MRPAM IN - 99.019
330085 B F GOODRICH CO #6 (PW-2) MRPAM IN  30-01141 160350
330086 B F GOODRICH CO #4 (PW-3) MRPAL N 30-01139 99.019
330103 PENNSGROVE SA SA1 MRPAM Z 30-00467 0.000
330104 EIDUPONT RANNEY CP MRPA IN  50-00039 0.000
330108 U S ARMY FINNS POINT MRPAM T 30-00052 0.000
330109 GANES CHEMICALS INC 1973-1 MRPAU IN 30-01322 5.962
330112 TOWNSHIP OF PENNSVYILLE PTWD4 MRPAU WS 30-01033 0.000
330117 TOWNSHIP OF PENNSVILLE PTWD3 MRPAU WS 30-00451 0.000
330118 TOWNSHIP OF PENNSVILLE PTWD 1 MRPAM WS 50-00041 51.380
330119 TOWNSHIP OF PENNSVILLE PTWD?2 MRPAM WS 30-00018 0.000
330122 ATLANTIC CITY ELECTRIC CO DEEPWATER 3R  MRPAM IN  30-01234 19.826
330123 ATLANTIC CITY ELECTRIC CO DEEPWATER 2 MRPAM IN  50-00001 19.820
330125 ATLANTIC CITY ELECTRIC CO DEEPWATER 5 MRPAM IN  30-00151 29.558
330126 EIDUPONT RANNEY 7 MRPAU IN  30-01080 0.000
330127 ATLANTIC CITY ELECTRIC CO DEEPWATER 6 MRPAM IN  30-00698 0.000
330128 E I DUPONT RANNEY 6 MRPAU IN - 0.000
330129 E 1 DUPONT CHAMBERSINJ1 MRPAM  -- 30-01018 0.950
330135 EIDUPONT RANNEY 5 MRPAU IN  30-00987 158.130
330136 E I DUPONT CHAMBERS INJ2 MRPAL - 30-01053 0.870
330137 EIDUPONT DRINKWATER 8  MRPAL IN  50-00003 0.000
330138 E I DUPONT CHAMBERS INJ 3 MRPAL - 30-01049 0.480
330240 CITY OF SALEM WD SWD3 . VNCN WS - 67457
330241 CITY OF SALEM WD QUINTON MLREW WS - 0.000
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Table 4. Withdrawal wells in

ted within 2 mil

r wetian
the Delaware River -- continued
N.J. Well 1992
Well Local Permit  Withdrawals
Number Owner Identfier Agquifer Use Number (Mgalfy)
330244 CITY OF SALEM WD SWD4 MLRW WS - 0.000
330245 CITY OF SALEM WD SCWD S MLRW WS 30-00877 0.000
330246 CITY OF SALEM WD SWDTW3 MLRW WS 30-00822 0.000
330249 CITY OF SALEM WD SWD2 MILRW WS 50-00042 53.860
330256 CITY OF SALEM WD SWD 1 MLRW WS - 0.000
330310 EIDUPONT RANNEY 4 MRPA N - 0.000
330313 E I DUPONT 107 MRPAM IN - 0.000
330314 E1DUPONT 105 MRPAM IN  30-01273 0.000
330316 EIDUPONT 102 MRPAU IN  30-02322 196.689
330317 EI1DUPONT LAYNE 2 MRPAM IN - 0.480
330318 E I DUPONT TAYNE] MRPAL IN - 0.000
330319 E I DUPONT 104 MRPAM IN 3001272 0.000
330320 E I DUPONT LAYNE 3 MRPA IN - 0.480
330321 EI1DUPONT 103 MRPAM IN  30-01271 228.120
330322 E 1DUPONT CARNEY PT 2 MRPAM IN  30-00004 12232
330326 E I DUPONT CARNEY PT4 MRPAU IN  50-00423 0.000
330327 E1DUPONT 1 MRPA ™ - 0.000
330328 E I DUPONT CARNEY PT1 MRPAM N 30-01109 13.720
330330 PENNSGROVE WSC LAYTON 11 MRPAL WS 50-00068 0.000
330331 PENNSGROVE WSC SCHULTES WELI. MRPAM WS -30-01099 73.690
330333 E I DUPONT CARNEY PT 5 MRPAU ™ 30-00620 0.000
330334 E 1DUPONT CARNEY PT6 MRPAM IN  30-00621 0.000
330335 EI1DUPONT CARNEY PT7 MRPAL IN  30-01133 11.623
330337 PENNSGROVE WSC LAYNE TEST 3 MRFA WS 30-00524 101.760
330345 PENNSGROVE WSC PGWSC 2B MRPAU w5 50-00102 0.000
330346 PENNSGROVE WSC LAYNE 1 MRPAL WS 30-00563 242,843
330347 PENNSGROVE WSC RANNEY MRPAU u 50-00040 0.000
330360 TOWNSHIP OF PENNSVILLE PTWD § MRPAU WS 28-10466 174.740
330361 PENNSGROVE WSC SCHULTES 4 MRPAU WS 30-01815 3.690
330364 PUBLIC SERVICE ELEC & GAS “PW3 MRPAM IN  34-01031 74030
330368 CITY OF SALEM WD QUINTON 5 VNCN WS .- 0.000
330381 MANNINGTON MILLS INC MILLS 6 MLRW IN  30-01505 0.000
330383 PUBLIC SERVICE ELEC & GAS 1-74 MLRW N - 53.985
330385 PUBLIC SERVICE ELEC & GAS 3.74 MRPA 1 9.440
330406 PENNSGROVE WSC NO-1-1956 MRPAL WS 30-00563 0.000
330409 MANNINGTON MILLS INC REPL 1968 MLRW IN 3001153 0.000
330426 MANNINGTON MILLS INC 2-1967 MLRW IN . - 0.000
330428 PENNSGROVE WSC PGWSC 2A MRPAU WS - 0.000
330430 B F GOODRICH CO 1 MRPA = IN - 0.000
330432 B F GOODRICHCO 3 MRPAL IN  30-00079 0.000
330435 B F GOODRICH CO 2 MRPAM IN - 000
330452 PUBLIC SERVICEELEC & GAS  HOPECREEK  MRPAM 1IN 3401074  0.000



Table 4. Withdrawal wells in Sal v ithin 2 miles of saltwater wetl

the Delaware River -~ continued

NJIWell 1992

Well Local Permit  Withdrawals
Number Owner Identifier Aquifer Use Number (Mgalfy)
330453 TOWNSHIP OF PENNSVILLE PTWD 6 MRPA WS 30-03013 98.290
330457 PUBLIC SERVICE ELEC & GAS PSEG 6 MRPA- ¢ - 0.000
330460 PENNSGROVE WSC PGWSC 1ARFZA MRPAU WS 30-03310 0.000
330553 SALEM FARMS CORP SALEMFARMS  MLRW IR 30-03440 18.200
330602 E1DUPONT CHAMBERS 108 MRPAM IN  30-03368  163.825
330657 MUSUMECI, ANTHONY MUSUMECI IRRIG MRPAM IR 30-02862 0.000
330671 TOWNSHIP OF PENNSVIL PTWD 3A MRPAU WS 30-05148 95.298
330683 E1DUPONT . RANNEY 5-R MRPAU IN - 0.000
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Table 5. Withdrawal wells in Cumberland County located within 2 miles of saltwater

wetlan r Delaware River

{PNPN, Piney Point aquifer; CKKD, Kirkwood-Cobansey aquifer system; --, missing information; WC, water company; WD, Water De

parunent,
WW, water works; IN, industrial; TR irrigation; MY, mining; W3, public supply; CO, commercial or company; PE, thermoelectric-fossil fuel; T,
insmdonal; U, upused]

N.J. Well 1992

Well Local Permit  Withdrawals
Number Owner Identifier Aquifer  Use Number (Mgally)
110001 CITY OF BRIDGETON BWD 7 CKKD WS 54-00004 0.0c0
110002 CITY OF BRIDGETON BWD 2 REP CKKD WS 34-00561 41,996
110003 CITY OF BRIDGETON BWD 6 CKKD WS 54-00003 0.000
110004 CITY OF BRIDGETON BWDS CKKD WS 54-00006 15.642
110005 CITY OF BRIDGETON BWD 8 CKKXD WS 54-00005 1.825
110011 CITY OF BRIDGETON BWD 4 CKKD Ww§ - 0.000
110012 EARNESTFARM 1 CKXD IR 34-01090 0.000
110013 CITY OF BRIDGETON BWD 11 CKKD WS 34-00598 125921
110014 CITY OF BRIDGETON BWD 1 CKXD WS - 0.000
110015 CITY OF BRIDGETON 1-A CKKD WS 34.00769 29.933
110016 MARTTN CORPORATION MARTIN CKKD U -- 0.000
110017 CITY OF BRIDGETON BWD 5 CKKD u - 0.000
110031 CLAMCO CORP CLAMCO 1 CKKD IN  35-01239 0.000
110033 CLAMCO CORP CLAMCO 1973 CKXD N - 0.000
110035 PORT NORRIS ELEMENTARY SCL BOARD OF ED CKKD T 25-00931 0.000
110038 JESSIE 5 MORIE & SON JSMORIE 2 CKKD N 35-00984 0.000
110039 CAPALDI, PHILIP 1 CKXD IR 35-00888 0.000
110051 FORTESCUE REALTY CO FORTESCUE 3 CKKD WS 35-00149 . 0.427
110052 FORTESCUE REALTY CO FORTESCUE 4 CKKD WS 35-01299 0.000
110054 GANDY BEACH WW GANDYS BEACH PNPN WS -- 0.000
110059 PENNSYLVANIA GLASS SAND CO 2 CKKD IN 3501192 41.096
110074 DICKSON, THOMAS 1 CKXD IR 34-00756 0.000
110075 UHLAND BROS 1 CKKD IR 34-00722 28320
110076 SUNNY SLOPE FARM SUNNYSLOPE1 CKKD r - 31.360
110077 ERNEST, WILBERT 1 CKKD IR 34.00891 0.000
110093 CEDARBROOK FARMS COOK FARM 1 CKKD IR 34-00041 0.000
110094 CEDARBROOQK FARMS BANKS FARM 1 CKKD IR  34-00570 0.000
110095 CEDARBROOK FARMS COOK FARM 2 CKKD R - 0.000
110099 AKERBOOM NURSERIES INC IRR-1974 CKKD IR 3501253 8.266
110100 CEDARBROOK FARMS HOWELLFARM 1 CKKD IR 34-00460 0.000
110102 CEDARBROCK FARMS SHAFFER FARM 1 CKKD IR 34-00571. 0.000
110103 HOLDING, DAVID IRR-1970 CKXD IR 34-00792 0.000
110123 NJ DEPT OF CORRECTIONS LEESBURG 3 CKKD T - 0.000
110141 MILLVILLE WD ORANGE ST CKKD WS - 611.670
110144 MILLVILLE WD TEST 2-67 CKKD U 35-00953 0.000
110145 ARMSTRONG CORK CORK 1 CKXD IN  35-00718 12.058
110146 ARMSTRONG CORK CORK3 | CKKD N 35-00720 12.050
110147 ARMSTRONG CORK CORK2 - CKKD IN  35-00719 4.340
110148 MILLVILLE WD MILLVIILE 13 -CKKD WS - 0.000
110149 MILLVILLE WD BRIDGETONPIKE CKXD WS - 0.000
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Table 5. Wi s i 1 ithi i f sal

wetlands or the Delaware River -~ continued

NJ.Wwell 1992

Well Local Permit  Withdrawals
Number Owner Identifier Aquifer Use Number (Mgally)
110150 MILLVILLE BOARD OF ED BOARD OF ED CKXD N 35-00932 0.000
110153 WHEATON GLASS CO 1970 WELL CKKD "IN 35-00996 90.112
110155 WHEATON GLASS CO 1970 WELL CKKD IN  35-01155 64,971
110156 THE WESTCO 3 CKKD N 3500873 §2.508
110157 WHEATON GLASS CO 10 CKKD N 35-00977 0.890
110158 THE WEST CO 4 CKKD IN  35-00986 0.000
110159 WHEATON GLASS CO il CKKD IN 3500969 116.710
110256 BRIDGETON BOARD OFED BBD 1 CKKD WS - 0.000
110275 LANING BROS FARMS INC LANING I-R CKKD R 3401344 0.000
110276 MILLVILLE WD AIRPORT 1 CKKD WS 55-00036 778.670
110277 MILLVILLE WD AIRPORT 2 CKKD WS 55-00057 0.000
110278 MILLVILLE WD AIRPORT 3 CKKD WS 35-00862 0.000
110280 MILLVILLE WD WARE AVE } CKXD WS 35.00841  778.670
110281 CITY OF BRIDGETON BWD 13 CKKD WS 34-011%4 251,751
110282 N DEPT OF CORRECTIONS LEESBURG 4 CKKD WS 35-00948 0.000
110288 DIX KARL DIX BROS CKKD IR 34-00594 0.000
110293 SUNNY SLOPE FARM SUNNYSLOPE3 CKKD IR 34-01466 0.000
110308 SORATINO JOHN 1-1959 CKKD IR 34-00436 (.60
110320 MILINOILE WD MOITNTLE 16 CKKD WS 35-02522 0.000
110322 MILLVILLE WD MILLVILLE 15 CKKD WS - 0.000
110329 MILLVILLE WD MILIVILLE 10A CKKD WS 35.00968 0.000
110346 WHITEHEAD BROTHERS 1 CKKD C 35-03763 33.099
110361 CITY OF BRIDGETON BWD 16 CKKD LA 189.780
110396 MAPLE RUN FARM - CKXD IR 34.02006 0.000
110712 MILLVILLE CITY AIRPORT TW 4 CKKD U 3512630 0.000
110713 MILLVILLE CITY OW 13-A REPLACE CKXD WS 35-12150 0.000
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Table 6. Irri

mil

ion wells in
f saltwater wetland.

lemn, and
r the Delaware River

mberland

within 2

flrigation-well mformation is derived from N.J. Department of Environmental Protection files and is not maintzined in USGS

Ground-Water Site Inventory records)

N.J. Well
Local Permit

Owner Identifier Number
JOSEPH MAUGERI FARMS MAUGERI 1 30-00431
BRIDGE, BRUCE WELL 1 20-00680
MUSUMECI, JOSEPH A WELL 1 30-01078
WRIGHT, GECRGE B WELL 1 30-01146
MUSUMECI, ANTHONY MUSUMECI IRRIG 30-02862
SALEM FARMS CORP SALEM FARMS 1 30-03440
CARL AYERS ORCHARDS WELL 1 34-00008 -
ROMANO, L LEVEL ACRE FARM WELL #1 34-00051
SHEPPARD, DAVID SHEPPARD 1 34-00084
ROMANO, LOUIS, JR WELL 2 34-00086
SORATINO, JOHN 1-1959 34-00436
SHEPPARD FARMS INC WELL 1 34-00459
CEDARBROOK FARMS HOWELL FARM 1 34-00460
CEDARBROOK FARMS BANKS FARM 1 34-00570
CEDARBROOK FARMS SHAFFER FARM 1 34-00571
DIX, KARL DIX BROS 34-00594
SUNNY SLOPE FARM SUNNYSLOPE 1 34-00626
NEWKIRK, RAYMOND 1 34-00668
BAITINGER, FRANK P III HOLDING 1 34-00677
UHLAND BROS 1 34-00722
SORATINO FARMS INC WELL 3 34-00747
HOLDINGS, DAVID IRR-1970 34-00792
EARNEST, WILBERT 1 34-00891
EARNEST FARM 1 34-01090
POPLAR BRAND FARMS INC WELL 2 34.01331
LANING BROS FARMS INC LANING 1-R 34.01344
TAYLOR, CLAIR 1 34-01457
SUNNY SLOPE FARM SUNNYSLOPE 3 34-01466
ADAMUCCINICK WELL #2 34-01899
DIX BROS INC WELL 2 34-01989
MAPLE RUN FARM MAPLE RUN FARM 34-02006
LANING BROS FARMS INC WELL 7 34-02007
ADAMUCCI, NICK WELL #1 34-02022
SHEPPARD FARMS FARM 2 34-02047
HOLDING, BILL WELL 2 34-02132
MANETAS FARMS INC WELL #1 34-02168
NEWKIRK WALTER G WELL 1 34-02195
BROTTKAMP, GERARD WELL 1 34-02350
PETO SEED FARM INC WELL 1 34-02388
DIX BROS INC WELL 3 34-02541
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Table 6. Irrigation wells in Gloticester. Salem. and Cumberland Counties Iocated within 2

miles of sal r wetl T laware River -- continued
N.J. Well
Local Permit

Owner Identifier Number
~ - 34-02543
- - 34.02566
- - 34-02567
WIDE SKY FARM WELL 2 34-02608
~ - 34-02615
ADAMUCCI, NICK WELL #3 34-02747
- -- 34-03150
- - 34-03166
- -- 3403364
- -- 34-03419
- - 1403428
- - 34-03537
- - 3404223
- - 34-04287
- - 35-00392
HESS NURSERIES WELL 35-01203
AKERBOOM NURSERIES INC IRR-1974 35-01253
CEDARVILLE COOP MARKETING WELL 35 35-05768
-- .- 35-07088
HESS NURSERIES NEWPORT-CTR GROV 35-08387
-- -- 35-09150
MACCAROM, SAM WELL 1 50-00097
LANING BROS FARMS INC WELL 1 54-00026
LANING BROS FARMS INC WELL?3 54-00027
LANING BROS FARMS INC WELL 5 54-00028
LANING BROS FARMS INC WELL 6 54-00029
LANING BROS FARMS INC WEILL 2 54-00030
LANING BROS FARMS INC WELL 1 54-00031
SORANTINO, ] WELL 3 54-00033
SORANTINO, J WELL 4 54-00034
SORANTINO, J WELL 5 54-00035
SORANTINO, J WELL 6 54-00036
SORANTINO, ¥ WELL 7 54-00037
BOWMAN, ELMER WELL 1 54-00038
BOWMAN, ELMER WELL 2 54-00039
SHEPPARD FARMS WELL 2 54-00040
SHEPPARD FARMS WELL 1 54-00041
SHEPPARD FARMS WELL 3 54-00042
SHEPPARD FARMS WELL 4 54-00043
SHEPPARD FARMS - 54-00044
SHEPPARD FARMS -- 54-00045
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Table 6. Irrigation wells i

miles of saltwater wetlands or the Delaware River -- continued

lem, an mberl

N.J. Well
Local Permit

Owner Identifier Number
SHEPPARD FARMS WELL 2 54-00046
SHEPPARD FARMS WELL 3 54-00047
SHEPPARD FARMS WELL 4 54-00048
CEDARBROOK FARMS WELL 1 54-00049
SHEPPARD FARMS WELL 2 54000350
SHEPPARD FARMS WELL 3 54-00051
SHEPPARD FARMS WELL 4 54-00052
MEADQOW BEND FARMS WELL #1 54-00059
MEADQOW BEND FARMS WELL #2 54-00060
MEADOW BEND FARMS WELL 3 54-00061
MEADOW BEND FARMS WELL 4 54-00062
HEADLY, DAN WELL 1 54-00064
LEVEL ACRE FARM WRIGHT JA WELL1 . 54-00065
TAYLOR CLAIR WELL #2 54-00066
TAYLOR CLAIR WELL #3 54-00067
MAPLE RUN FARM ROMANOL WELL #1 54-00072
MAPLE RUN FARM ROMANO L WELL #2 34-00073
LOCKEWOQOOD FARM WELL 1 54-00074
LOCKEWOOD FARM WELL 2 54-00075
WIDE SKY TURF FARM WELL 1 54-00076
COOMBS, GEORGE WELL 1 55-00092
BOWMAN ELMER WELL1 55-00107
NATURAL LANDS TRUST WELL 1 55-00120
NATURAL LANDS TRUST WELL 2 55-00121
NATURAL LANDS TRUST WELL 3 5500122
CASPER EARL WELL 1 5500144
FERRARI, EDWIN WELL 1 55-00170
VAN BREEMEN FARMS LH WELL #1 55-00187
VAN BREEMEN FARMS LH WELL #2 55-00188
ALDERMAN DAVID B WELL 1 55-00189
STEINHAUER CHAS & PHYLIS WELL #1 55-00269
BLEW VALLEY FARM WELL 1 55-00275
HIBBITTS RALPH WELL 55-00279
- - 99-99991
- -- 99-99992
- -- 099-.99912
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Table 7. Dissolved-chlori
rl jes | d

in 2 mil

for wells i
W

\i

iver

[MRPA, Potomac-Raritan-Magothy aguifer system undifferentiared; MRPAU, Upper Potomac-Raritan-Magothy aquifer;
MRPAM, MiddlePotomac-Raritan-Magothy aguifer; MRPAL, Lower Potomac-Raritan-Magothy aquifer; PNPN, Piney Point
aquifer; KRKDU, upper Kirkwood sand aquifer; MLRW, Wenonah-Mount Laure] aquifer; WBMV, Woodbury-Merchantville

confining unit; mg/l, milligrams per liter)

Dissolved-
Chioride
~ Well Date of Concentratdon

Number Sample (mg/L) Aquifer
1100654 09/11/1992 620 PNPN
110056 09/11/1992 87 PNPN'
110061 08/28/1989 66 PNPN
110062 05/08/1975 67 PNPN
110066 03/17/1972 230 MLRW
110091 (9/16/1964 72 PNPN
110092 (9/01/1988 82 PNEN
110096 09/09/1993 36 PNPN
110116 08/07/1979 33 KRKDU
110321 08/22/1991 61 PNPN
110326 08/24/1990 300 PNPN
110327 09/11/1992 210 PNPN
110334 09/01/1982 42 PNEN
110335 9/01/1982 47 PNPN
110336 08/28/1989 51 PNPN
110337 09/15/1692 55 PNPN
110338 09/09/1987 58 PNPN
110343 08/24/1990 57 PNPN
110364 05/05/1986 170 PNPN
110370 09/15/1992 200 PNPN
150024 07/12/1985 6 MRPAM
150065 07/13/1967 7.8 MRPAU
150069 11/05/1986 13 MRPAM
150070 08/14/1967 18 MRPAM
150072 11/08/1984 B7 MRPAM
150076 11/18/1982 16 MRPAM
150079 09/17/1985 94 MRPAM
150081 10/07/1986 27 MRPAM
150082 08/20/1951 96 MRPAM
150084 08/14/1967 16 MRPAM
150089 08/14/1967 20 MRPAM
150093 070091951 14 MRPAM
150094 07/29/1981 46 MRPAM
150096 12/06/1982 79 MRFPAM
150097 10/11/1985 120 MRPAM
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Table 7. Dissolv ri for wells i r. Sal \ .

within 2 il | wetlan laware Rjver -- continued
. Dissolved-
Chloride
Well Date of Concentration
Number Sample (mg/L) Aquifer
150098 09/09/1986 79 MRPAM
150101 11/05/1976 180 MRPAL
150102 . 052311973 140 MRPAL
150103 082011951 180 MRPAL
150104 06/01/1949 320 MRPAL
150107 06/01/1949 54 MRPAL
150109 10/18/1985 92 MRPAL
150118 09/09/1986 110 MRPAL
150137 08/27/1992 26 MRPAM
150139 11/10/1986 820 MRPAL
150140 11/20/1985 33 MRPAM
150143 10/31/1984 7.1 MRPAM
150144 08/08/1991 21 MRPAM
150146 10/01/1980 31 MRPAM
150158 09/08/1983 280 MRPA
150139 09/26/1984 300 MRPA
. 150161 10/20/1982 1.8 MRPAM
150163 06/04/1984 160 MRPA
150163 (92011973 14 MRPAM
150166 09/01/1992 18 MRPAM
150206 08/29/1966 95 MRPAU
150207 09/01/1992 30 MRPAL
150210 (5/02/1992 30 MRPAM
150212 10/22/1%86 16 MRPAM
150213 10/24/1986 29 MRPAM
150215 07/1211967 22 MRPAM
150216 07/12/1967 18 MRPAM
150218 08/26/1963 66 MRPAL
150220 10/11/1983 160 MRPAL
150221 10/14/1986 150 MRPAL
150283 08/08/1991 140 MRPAL
150284 09/02/1992 23 MRPAU
150285 08/15/1967 170 MRPAL
150296 10/16/1986 190 MRPAL
150297 10/16/1986 14 MRPAU
- 150306 11/03/1986 . 74 MRPAL
150308 09/26/1985 79 MRPAL
. 150312 12/17/1986 42 MRPAL
150314 09/24/1985 : 24 MRPAL
150317 09/09/1980 20 MRPAL
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hm 2 mil F W l n iver ~- contmued

Dissolved-
Chloride
Well Dale of Concentration
Number Sample {mg/L) Aguifer
150318 09/159/1984 29 - MRPAL
150319 06/30/1974 28 MRPAL
150320 09/09/1980 25 MRPAL
150321 08/09/1982 16 MRPAL
150322 10/09/1981 32 MRPAL
150323 10/04/1985 38 MRPAL
150324 11/19/1982 21 MRPAL
150326 09/17/1982 12 MRPAL
150327 05/10/1982 11 MRPAL
150329 10/11/1950 12 MRPAU
150332 10/29/1986 31 MRPAU
150333 05/09/1975 18 MRPAU
150337 10/14/1580 24 MRPAU
150340 10/20/1980 1.9 MRPAU
150343 05/29/1957 2.6 MRPAU
150347 11/05/1986 18 MRPAM
150348 08/29/1988 13 MRPAM
150349 10/01/1980 110 MRPAL
150350 10/31/1984 380 MRPAL
150353 04/18/1985 67 MRPAU
150354 06/06/1984 25 MRPAM
150357 10/08/1986 %6 MRPAL
150373 10/13/1983 27 MRPAL
150380 10/28/1982 340 MRPA
150387 06/07/1984 90 MRPAM
150388 10/09/1986 23 MRPA
150390 09/26/1985 90 MRPAM
150398 11/17/1986 140 MRPAL
150399 09/15/1980 29 MRPAM
150409 10/09/1980 4.5 MRPAM
150410 08/09/1982 30 MRPAL
150423 07/69/1951 38 MRPAM
150428 07/09/1951 23 MRPAM
150431 10/29/1986 21 MRPAM -
150434 09/17/1982 11 MRPAL
- 150439 09/25/1985 130 MRPAL
150444 05/31/1984 70 MRPA
150450 (6/01/1984 190 MRPAM
150453 06/06/1986 14 MRPAM
150475 05/17/1934 11 MRPAU
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Table 7.

located within 2 miles of sal r wetland h Jaware River -- continued
. Dissolved-
Chloride
Well Date of Concentration
Number Sample {mg/L} Aquifer
150476 05/17/1984 12 MRPAU
150478 05/16/1984 22 MRPAU
150481 05/16/1984 22 MRPAM
150539 05/17/1984 14 MRPAM
130320 12/10/1985 89 MRPAM
150543 06/20/1984 37 MRPAU
150544 06/20/1984 29 MRPAU
150546 06/16/1984 57 MRPAU
150549 061971984 160 MRPA
150350 06/19/1934 13 MRPAM
150554 05/18/1984 89 MRPAU
150553 05/18/1984 180 MRPAM
150536 05/18/1984 25 MRPAM
150564 1172501986 12 MRPAU
150569 08/25/1989 18 MRPAM
a— 150570 . 06/08/1984 12 MRPAU
L 150572 06/13/1984 32 MRPAU
150573 06/07/1984 23 MRPAU
150575 10/09/1986 30 MRPAM
150576 06/11/1684 21 MRPAU
150577 06/12/1984 55 MRPAM
150578 06/12/1984 23 MRFAU
150579 06/12/1984 55 MRPAU
150580 06/11/1984 21 . MRPAM
150581 06/11/1984 33 MRPAU
150582 06/15/1984 1,100 MRPA
150583 06/15/1584 820 MRPAU
150584 06/15/1984 210 MRPAU
150585 06/06/1984 24 MRPAM
150586 06/06/1984 16 MRPAM
150587 06/08/1984 74 - MRPAU
150588 06/14/1984 560 . MRPAM
150589 06/14/1984 180 MRPAU
150590 06/14/1984 450 MRPAU
150591 06/13/1984 2,000 MRPAU
" 150592 06/13/19%84 - 2,100 MRPAU
150593 06/12/1984 - 530 MRPAU
. 150594 06/13/1984 420 MRPAU
150595 06/14/1984 220 MRPAU
150597 05/31/1984 350 MRPA

avasliiJ
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within 2 mll T h Del - contmued

Dissolved-
Chloride
Well Date of Concentraton
Number Sample (mg/L) Aquifer
150601 05/29/1984 150 MRPAM
150602 06/04/1984 220 MRPA
150606 06/20/1984 72 MRPAU
150615 12/02/1986 790 MRPAL
150617 12/03/1986 11 MRPAU
150618 11/24/1986 400 MRPAL
150620 11/25/1986 43 MRPAM
150626 12/05/1986 14 MRPAU
150627 10/06/1986 77 MRPAU
150634 10/08/1986 520 MRPAL
150652 10/28/1986 61 MRPAM
150657 10/07/1986 24 MRPAM
150668 10/28/1986 68 MRPAM
150672 10/30/1986 150 MRPAL
150673 10/23/1986 170 MRPAU
150674 10/14/1986 60 MRPAU
150675 10/17/1986 140 WBMV
150678 09/23/1986 130 MRPAL
150679 (09/23/1986 120 MRPAM
150680 0972211986 A MRPAL
150681 09/22/1986 53 MRPAM
150682 11/14/1986 22 MRPAM
150683 11/14/1986 65 MRPAM
150714 12/01/1986 14 MRPAU
150770 08/25/1987 30 MRPAL
150771 07/16/1987 20 MRPAM
150778 08/28/1987 36 MRPAL
150780 082771987 34 MRPAM
330032 08/15/1991 32 MLRW
330033 11/07/1984 42 MLRW
330034 11/07/1984 88 MLRW
330035 08/23/1990 460 MLRW
330046 06/11/1964 8 MLRW
330050 08/29/1974 26 MLRW
330051 04/12/1960 10 MLRW
- 330055 07/21/1959 33 MLRW
330065 05/01/1967 18 MRPAM
330066 05/01/19617 17 MRPAM
330076 10/20/1980 43 MRPAU
330077 02/16/1968 4.5 MRPAM
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Table 7. Dissolved thp_ndg data for wells in Gloucester, Salem. and Cumberland Counties

located within 2 miles of saltwater wetlands or the Delaware River -- continued
Dissolved-
Chloride

‘Well Date of Concentraton
Number Sample {mg/L) Aquifer
330080 10/03/1980 52 MRPAM
330083 09/09/1992 51 MRPAM
330085 09/09/1992 36 MRPAM
330086 09/09/1992 270 MRPAL
330103 (09/22/1980 88 MRPAM
330105 08/25/1958 440 MRPAU
330106 10/10/1980 460 MRPAM
330107 10/05/1978 91 MRPAM
330108 09/10/1992 110 MRPAM
330112 08/14/1991 14 MRPAU
330117 09/19/1985 19 MRPAU
330118 09/09/1992 &4 MRPAM

.- 330119 09/09/1992 87 MRPAM
330121 092171973 44 MRPAM
330122 09/10/1992 13 MRPAM
330123 09/10/1992 130 MRPAM
330125 09/10/1992 76 MRPAM
330126 10/21/1580 13 . MRPAU
330127 09/25/1986 69 MRPAM
330128 12/07/1967 56 MRPAU
330135 01/19/1968 630 MRPAU
330137 08/17/1988 76 MRPAL
330141 08/23/1990 140 MRPAM
330241 08/17/1979 10 MLRW
330243 11/18/1965 4 MLRW
330244 05/19/1964 100 MLRW
330245 10/04/1974 45 MLRW
330247 08/31/1965 350 MLRL
330249 09/27/1977 26 MLRW
330251 11/22/1982 1,900 MRPAM
330252 07/26/1993 86 MLRW
330253 05/24/1993 670 MRPAU
330256 12/21/1950 6.6 MLRW
330299 05/01/1967 180 MRPAM
330300 05/01/1967 42 MRPAM
330302 05/01/1967 42 MRPAM
330304 05/01/1967 30 MRPAM
330307 12/07/1967 180 MRPAU
330308 12/07/1967 84 MRPAL
330309 120071967 20 MRPAU
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Table 7. Dissolved chloride data for wells in Gloucester, Salem. and Cumberiand Counties

. located within 2 miles of sa ltwater wetlands or the Delaware River, -- continued
Dissolved-
Chloride

Well Date of Concentration _
Number Sample (mg/L) Aquifer
330310 12/07/1967 : 260 MRPA
330322 11/16/1982 58 MRPAM
330325 02/16/1963 180 MRPAU
330326 02/16/1968 280 MRPAU
330328 {02/16/1968 150 MRPAM
330330 02/16/1968 240 MRPAL
330333 02/16/1968 21 MRPAU
330334 02/16/1968 73 MRPAM
330335 02/16/1568 100 MRPAL
330342 05/06/1976 10 MRPAU
330345 09/09/1992 13 MRPAU
330346 09/05/1992 220 MRPAL
330347 01/11/1951 04 MRPAU
330360 07/25/1986 72 MRPAU
330361 05/23/1980 19 MRPAU

. 330364 09/10/1992 25 MRPAM
330370 07/17/1986 8.7 MRPAU
330401 09/09/1980 300 MRPA
330419 11/21/1980 6.2 MRPAM
330420 11/21/1980 74 MRPAM
330421 11/20/1980 35 MRPAM
330426 09/29/1981 17 MLRW
330428 08/14/1991 15 MRPAU
330439 07/25/1986 ) MRPAU
330453 08/22/1990 36 MRPA
330457 09/10/1992 200 MRFA
330460 08/14/1991 16 MRPAU
330461 0771710986 13 MRPA
330686 09/09/1992 11 MRPAU
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Table 8. Well-location and construction data

[MRPA, Potomac-Raritan-Magothy aquifer sysicm (undiffercrtiated); MRPAL, Lower Potomac-Raritan
Y |;cr Potomac-Raritan-Magothy alguifer system; WMV, Woodbury-Merchantville confining unit; MERW, Wenonali-Mount aurel aquifer; PNPN, Dincy Point aquifer, VNCN, Vincentown aquifer;

KRKDU, upper Kirkwood sand; CKKD, Kirkwood-Cohaasey nd wiler system; QRNR, Quatemury sands; nfu, nol spplicable; --, pvissing information; 1IMS, degrees, iminules, seeonds: B0 O THD, Bourd
of Education; CO, Company or County, 11, Fire Depanment; SA, Sewer Aulority; TWD, Township Water Depastment; MUA, Municipal Uiibities Auwthority; WD, Water Depanment; WC, Warer Com-

pany; WCM, Water Commission; TSA, Township Sewer Authority; WSC, walcr-spply company; INST, instine: fLus), feet above sea level; [tbls, feer betow lunned surface)

“Magothy aquiler system; MRPAM, Middle Polomsc-Raritan-Magothy n]anil'cr system; MRPAU,

€9

Depth Depth to
Land- Depth 1o top Bottom  N.J.
: Surface of of Well  of Well  Well
Well Lai- Longi- Local Elevation  Well Opcning  Opening  Permit
Number  tude wude Owner Identificr {ft asl) (fLblsy  Aquifer  (fthls) (ftbis)  Number
110001 392430 751305 BRIDGETON WD BWD 7 : . 25 Bd. CKKD 64, 84, 54-(0004
110002 392432 751312 BRIDGETON WD RWD 2 REEP 30. 9%, CKKD 72, 98. 34-00561
110003 392437 751305 BRIDGETON WD BWD O 43, 104, CKKD R4, 104, 54-00003
110004 392439 751243 BRIDGETON WD BWDY 35, 10 CKKD 74. 103, 54-00006
110005 392446 751245 DBRIDGETON WD BWD 8§ 48, 91, CKKD 71. o1, 54-00005
110011 392538 751435 BRIDGETON WD WD 4 53. 92, CKKD 77. 92, =
110012 392548 751813 WILBERT, EARNEST 1 100, 125, CKKD 85, 125. 34-01090
110013 392552 751450 BRIDGETON WD BWD 11 65. 117 CKKD 76. 117, 34-00598
110014 392555 751414 BRIDGETON WD BWD 1 7. 70. CKKD 50, 70. --
110015 392555 751415 BRIDGETON WD 1-A 18, 77. CKKD 57. 77. 34-00769
110016 392600 751348 MARTIN CORP MARTIN 55. 114, CKKD 94, 114. -
110017 392601 751328 BRIDGETON WD BWD 5 32 87. CKKD 67. 87. -
110031 391415 750134 CLAMCOCO CLAMCO 1 15. 237. CKKD 217. 237, 35-01239
110033 391416 750132 CLAMCOCO CLAMCO 1973 5. 237. CKKD 217, 237. -
110035 391450 750205 PORT NORRIS BD OF D BOARD OFF EDUC 10. 242. CKKD 227. 242 35-00931
110038 391658 750015 JS MORIE INC J S MORIE2 10, 205. CKKD 175. 205. 35-00984
110039 391702 750141 CAPALDI, PHILIP 1 30. 238, CKKD 178. 238, 35-00888
110051 391420 751023 FORTESCU REALTY FORTESCUE 3 8. 303. CKKD 283, 303. 35-00149
110052 391420 751023 FORTESCU REALTY FORTESCUE 4 8. 303. CKKD 283. 303, 35-01299
110054 391618 751354 GANDYS BEACH WC GANDYS BEACH 5. 402 PNPN 378. 402, -
110056 391704 751415 MONEY IS MARINA POLLINO 1 4, 370, PNPN 350. 370. --
110059 391837 750821 PA GLASS SAND 2 55. 82. CKKD 52. 82. 35-01192
110061 391926 751921 GRIFFITH, MAE SUA BRUIFZE 4. 354, PNPN 281, 354 34-1
110062 391926 751920 GRIFFITH, MAE SCA BREEZE TAV 4, 287. PNI'N - - -
110066 392124 751904 NJ FISH GAML IOLTON FARMS 7. 31 MIRW -- . -
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Table 8. Well-location and -construction data -- continued

Nepth Depih to -
Lamd- Depth o top Rottom  N.J.
Surlace of of wWell  of Well  Well

Well Lati- Longi- Laocal Blevauon  Well Opening  Opening  Permit
Number tude  tude Owner Identifier (M asl) (fubls) Aquifer  (fubls) . {[tbls) Number
110158 392432 750133 WESTCO 4 40. 147. CKKD 92, 147. 35-00986
110159 392440 750153 WHEATON GLASS CO 11 40. 150, CKKD 120. 150. 35-00969
110256 392551 751430 BRIDGETON BD OFED BRD 1 50. 90. CKKD - -- 34-01240
110275 392138 751338 LANING BROTHERS LANING 1-R 3. 150. CKKD - - 34-01344
110276 392217 750417 MILLVILLE WD AIRPORT | 70. 181, CKKD 179. 181, 55-00056
110277 392216 750412 MILLVILLE WD AIRPORT 2 5. 170. CKKD 168, 170, 55-(00057
110278 392238 750420 MILLVILLE WD AIRPORT 3 70, 191. CKKD 161. 191, 35-00862
110280 392341 750222 MILLVILLEWD WARLE AVE ] 20. 167, CKKD 147, 167. 35-00841
110281 392523 751519 BRIDGETON WD BWD 13 TS, t46. CKKD 6. 146. 34-01194
110282 391420 745750 STATE OF NI LEESBURG 4(OUR 12 269. CKKD 249, 209, 35-00948
110288 392227 751334 DIX,KARL DIX BROS 30, 151. CKKD 115, 151. 34-(X1594
110293 392442 751648 SUNNYSLOPE FARM SUNNYSLOPE 3 95. 140, CKKD 70. 140 34-01466
110308 392144 751401 SORANTINO, JOIN 1-1959 20, - CKKD - - 34-00436
110320 392340 750212 MILLVILLE WD MILLVILLE 16 30. 106. CKKD 86. 106. 35-02522
110321 391620 751410 GONDOLF, RICHARD 1 5. 425. PNPN 405. 425, 34-00754
110322 392337 750218 MILLVILLE WD MILLVILLE 15 9. 110. CKKD - -- -
110326 391617 751355 STANGER, GEORGE 1 5. 440, PNPN - -- -
110327 391619 751357 MYERS,H 1 3, 409, PNPN 399, 409, 35-01270
110329 392330 750225 MILLVILLE WD MILLVILLE 10A 40. 102. CKKD 82. 102, 35-00968
110334 391611 751343 WEISGERBER, FRANK 1 5. 420, PNPN 400. 420, 34-01727
110335 391612 751346 MOOTZ, CHARLES 1 5. - PNPN - -- -
110336 391620 751406 ROSSI, EDWARD 1 5. 400. PNPN - L -
110337 391622 751414 COVERD WATER ASSOC 1 5. 393. PNPN 373 393 34-01193
110338 391623 751418 MAZZOLA, JOSEPH 1 5. - PNPN - -- --
110343 391619 751405 NEIL, A 1 5, 459. PNIPN - - -
110346 391950 745819 WHITEHEAD RROS 1 10. 104, CKKD R4, 104, 35-03763
110361 392538 751434 BRIDGETON WD 16 53. 0. CKKD 75. 90, 34-01945
110364 391617 751355 DURR, MADELYN DOMESTIC-1985 5. 420, PNI'N A00. 420. 34-(2333
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Table 8. Well-location and -construction data -- continued

Depih Depth o
Land- Depth 10 op Bottom  NJ.
Swrlace of of Well  ofWwell  well
Well Laii- Longi- Local Elevation  Well Opening  Opening  Permit
Number tude’ tude Owner Identifier (fLash) (fLbls) Aquifer (ML his) (L bls) Number
110370 391938 751923 SOBUSIAK, WALTER SOBUSIAK 1 5. 350, PNEN -- - -
110396 391810 751311 MAPLE RUN FARMS MAPLE RUN FARM 8. 70. CKKD 30. 70. 34-02006
110712 392235 750432 MILLVILLE CITY AIRPORT TW 4 75. 222, CKKD 162, 217 35-12630
110713 392340 750233 MILLVILLE CITY WAREAVEOW 13-A 63, 284, CKKD 252. 288. 35-12150
150024 395115 750706 DEPTFORD T MUA DTMUA 4 40, 345, MRIPAM 282, 345, 31-05513
150065 394851 751526 GREENWICIH TWD GTWD 2(NEW 3) 20, U8, MRPAL oY, 98. 30-00036
150069 394920 751619 GREENWICIHI TWD GTWD 3(NEW 4) 10, 168, MRPAM 108, 168, 30-00757
150070 394932 751722 GREENWICH TWD SIGTWD 1 (NEW 2) 10, 96, MRPAM  76. 96. --
150072 394936 751747 EIDUPONT REPAUNO 3 6. 101, MRPAM 91, 101, 30-00037
150073 394936 751747 EI1DUPONT REPAUNO NITR 3 0. 87. MRPAM 67 87. 30-00078
150076 394939 751704 HERCULES CIIEMICAL 4 1970 - 15. 120, MRPAM  90.5 120. 30-01224
150078 394944 751711 EIDUPONT REPAUNO 4 9. 99, MRPAM Rl 99, --
150079 394944 751734 E1DUPONT REPAUNO G 10, 109, MRPAM 84, 109, 30-01145
150080 394944 751735 EIDUPONT REPAUNO 2 11. 105. MRPAM  #9. 105. -
150081 394945 751717 EIDUPONT REPAUNO 5 10, 99, MRPAM 81, 99, 30-00907
150082 394945 751736 EIDUPONT REFAUNO 1 10. 105, MRPAM  75. 105, --
150084 394948 751639 HERCULES CHEMICAL GIBBSTOWN 2 12. 146. MRPAM 121, 146. 30-00231
150089 394952 751653 HERCULES CHEMICAL GIBBSTOWN 1 10. 103, MRPAM 775 97.5 30-00230
150091 394952 751730 EIDUPONT REPAUNO W 10, 103, MRPAL R4. 103, 30-00024
150092 394954 751642 HERCULES CHEMICAL GIBBSTOWNTH 6 4. 112, MRPPAM 107, 113, 30-00317
150093 394956 751521 MOBIL OIL COMPANY MOBIL 46 6. 136. MRPAM 111, 136. 30-00049
150094 394958 751512 MOBIL OIL COMPANY MOBIL 44 7. 136. MRPAM 114, 136. 50-00019
150096 394959 751650 HERCULES CHEMICAL GIBBSTOWN OB 2 14.18 134, MRPAM 129, 134, 30-00188
150097 395000 751636 HERCULES CHEMICAL GIBBSTOWN TH8/TW8 5.61 107, MRPAM 102, 107. 30-00315
150098 395006 751532 MOBIL OIL COMPANY MOBIL 45 3. 118. MRPAM 95, 115. 50-00020
150101 395012 751520 MOBIL Oll. COMPANY MORIL 40 20. 225, MRPAI. 195, 225, --
150102 395016 751738 EIDUPONT REPAUNO 20) 1 103, MRPAL 73. _ 107, -
150103 395021 751730 ETDUPONT REPAUNO I 2, 103. MIRPAL 43, 103. --
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Table 8. Well-location and -construction data -- continued

Depth Depth to
Lamd- Depih o 1op Bottom  N.J.
Surlace of of Well  of Well  Well
Well Lati- Longi- Local Elevation  Well Opening  Opening  Permil
Number tude tude Owner Tdeniificr (fLasl) (fubls) Aquifer (It bls) (ML bls) Number
150104 395021 751740 EIDUPONT REPAUNO]J 2 103, MRPAL 74. 103. -
150106 395022 751729 EIDUPONT REPAUNO G 2. 107, MRPA 37 107. -
150107 395025 751757 EIDUPONT REPAUNOC y 105, MRPAL 75. 105. -
150109 395027 751503 MOBIL OIl. COMPANY MOBIL. 41 20, 264), MRPAL 229, 259, 50-00018
150118 395036 751501 MOBIL OIL COMPANY MODBIL 47 18, 240, MRPAL, 220, 240, “30-(0198
150132 394500 751349 VASALLI, JOSIiPH VASALLI BS. 385, MRPA 355, 385, 30-01258
150137 394535 752054 PURELANDWC PURE 2(3-1973) 29 208, MRPAM 158, 208. 30-m37
150139 394608 752135 PURELANDWC TEST WELL 3 7. 345. MRPAL 301, 345. 30-M223
150140 394608 752135 PURELAND WC TEST WELL 4 6.1 184. MRPAM 132, 184. 30-01248
150143 394551 752313 PURELAND WC LANDTECT TW-6C 19.4 152, MRPAM 102, 152. 30-01312
150144 394613 752129 PURELAND WC 1-1973 1.6 138. MRPAM 81, 136, 30-01370
150146 394648 752318 PURELAND WC LANDTECT TW-9 4.8 101, MRPAM  R2 101, -
150154 394716 752113 ROLLINS ENV SERVICES 1 ) 10. 94, MRPAM 66, 96, 30-01181
150158 394733 752351 MONSANTO CHEM BRIDGEPORT W2 12, 82. MRPA 57. 82. 30-00873
150159 394736 752344 MONSANTO CHEM BRIDGEPORTEI 11, R1. MRPA 56. 81. 30-00872
150161 394739 752232 MONSANTO CHEM OB 1(TW35-0OBC) 8. 90. MRPAM  70. 90. 30-00801 -
150163 394747 752410 MONSANTO CHEM OB3(TW1-OBA) 10.1 100, MRPA 95. 100. 30-00795
150165 394755 752108 PENNS GROVE WSC BRIDGEPORT 1 5. 41. MRPAM  30.5 4().5 -
150166 394755 752108 PENNS GROVE WSC BRIPDGEPORT 2 5. 88, MRPAM 654 R5.4 30-00410
150206 395146 751053 NATIONAL PARK WD NPWD 1 10. 85. MRPAU o4, 85. -
150207 395156 751053 NATIONALPARK WD NPWD 2 30. 282, MRPAL 241, 282, 31-02555
150210 394921 751417 PAULSBORO WD 6-1973 15, 230. MRPAM 185, 227, 30-01348
150212 394929 751447 PAULSBORO WD PWD 4 25. 220. MRPAM 192, 220. 130-00069
150213 394947 751416 PAULSBORO WD PWD 5 10. 175. MRPAM 135, 175. 30-00602
150215 395023 751442 PAULSBORO WD PwWD 2 16, 100, MRPAM 70, 100. -
150216 395023 751442 PAULSBORO WD rPwD 3 16, 140. MRPAM 115, 140, -
150218 395044 751503 MOBIL OIL COMPANY MOBIL 33 20, 236. MRPIPAL. 169, 236. -
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Table 8. Well-location and -construction data -- continued

Depth Depth 10
Land- Pepth 10 1op Rotiom  NJ.
Surface of of Well  of Well  Well
well Lati- Longi- Local Blevation  Well Opening  Opening  Permit
Number tude  tode Owner Identifier (ft ash (fthls} Aquifer ([t bis) {fL bls) Number

150220 395051 751349 ESSEX CHEMICAL CO OLIN ] 10. 256. MRPAL 234, 256. 30-00281
150221 395057 751347 ESSEX CHEMICAL CO PAULSBORO 1 10, 286. MRPAL  258. 286, 30-01185
150283 394919 751256 HUNTSMAN POLYP CORP SHELL 3 30, 384, MRPAL 358, 383, 30-00000
150284 394919 751256 HUNTSMAN POLYP CORP SHELL 4 30, 159, MRPAU 127, 157. 30-00001
150285 394917 751307 HUNTSMAN POLYP CORP SHELL 1 12, 3640, MRPAL 328, 358. 30-00898
150296 394942 751317 HUNTSMAN POLYP CORP SIHELL 50RS8 20076 320, MRPAL 321, 326. 30-00002
150297 394942 751317 HUNTSMAN POLYP CORD SHELL 6 OBS 20.5 120. MRPAU 113, 118, 30-00003
150304 395032 751241 PENNWALT CORP 418 10. 290, MRPAL 237, 289. 30-01173
150306 395033 751233 PENNWALT CORP 417 10, 278, MRPAL 234, 276. . 30-01174
150308 395044 751242 PENNWALT CORP TEST WELL 8 10. 271, MRPAL 231, 271, -
150312 395107 750946 W DEPTFORD TWD 6 RED DANK AVE 20. 372, MRPAL 322, 372 51-00063
150313 395139 750949 W DEPTFORD TWD WDTWD 2 23. 353. MRPAL  307. 353. 31-04231
150314 395153 750946 COASTAL EAGLE PT OIL CO EAGLEPOINT 6 15. 318, MRPAL  280. 318, 31-00029
150317 395200 750947 COASTAL EAGLEPTQILCO EAGLE POINT 7 10, 306. MRPAL 261, 301, 31-06834
150318 395207 750930 COASTAL EAGLE PTOIL CO EAGLE POINT 2 17. 289, MRPAL 259, 289, 31-00009
150319 395213 750936 COASTAL EAGLE PT OIL CO EAGLE POINT 4 .14, 289, MRPAL 259, 289, 31-00002
150320 395216 750915 COASTAL EAGLE PT OIL CO EAGLEPOINT 1 20. 288. MRPAL 248, 28R. 31-00007
150321 395221 750856 COASTAL EAGLE T OIL CO EAGLE POINT 5 13. 277. MRPAL 237, 277. 1-00028
150322 395222 750918 COASTAL EAGLE PP OIL CO EAGLETOINT 3 20, 2R8. MRPAL 258, 288. 31-00008
150323 395235 750950 COASTAL EAGLE PT OIL CO EAGLEPOINT3ORS 2096 276, MRPAL  255. 275. 31-00037
150324 395236 750821 COASTAL EAGLEPTOIL CO EAGLEPTOBS 4 10, 224, MRPAL 214, 224, 31-00036
150326 395216 750739 WESTVILLE WD WWD 5 12 2717, MRPAL 243, 277. 31-05689
150327 395221 750737 WESTVILLE WD WwD4 16. 319, MRPAL 286, 313. 3103418
150320 395221 750737 WESTVILLE WD WWD 1 16. 112, MRPAU 69, 112, -
150332 395009 750922 WOODBURY WD PARKING LLOT 3 50. 188. MRIAU 148, 188, 51-00100
150333 395044 750907 WOODBURY WD TATUM 4 20. 167. MRPIAU 129, 167, 31-00787
150337 394346 752110 MAUGERI, SAL MAUGERT 51 47.5 152, MRPAU 128, 148. 30-00431

1 50. 114, MRPAU 108, 114, -

150340

394356 752143

CATALANO, FRANK
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Table 8. Well-location and -construciion data -- continued

Depth Depth to
Tand- Depth o top Botlom  N.J.
Surlace of of Well  of Well  Well
Well Lati- Longi- Local Clovation  Well Opening  Opening  Permit
Number tude  tude Owner Identificr (It asl) (fubls) Aquifer (Mt bis) (fLbls) Number
150343 394443 752052 CASELLA BROS INC 1953 WELL 65. 121, MRPAU 115, 121. --
150347 394932 751722 GREENWICH TWD GTWD 5 (2-A) 20, 122, MRPAM  §2. 117. 30-01545
150348 394910 751541 GREENWICH TWD GTWD 6 20 138. MRPAM 105, 135. 30-01776
150349 394650 752316 PURELAND WC LANDRDTRCT 2 "6, 220. MRPAL 170 2200 -
150350 394550 752313 PURELAND WC LANDTECT 1 20.4 284. MRPAL. 234, 284, -
150353 394649 752316 PURELAND WC LANDTECT 3 6, 17.5 MRPAL 7.5 17.5 -
150354 394716 752112 ROLLINS ENV SERVICES Dr2 13.3 91, MRIPAM 81, 91 30-01472
150357 394957 751737 E1DUPONT ons? 4, 105. MRPAL - - -
150373 395126 750856 W DEPTFORD TWD wDTWD 7 28, 366, MRPAL 323, 363. 31-17452
150380 394757 752346 MONSANTO CHEM 0BS2 17.7 76. MRPA 71. 76. -
150387 394713 752121 ROLLINS ENV SERVICES DP1 10.2 20. MRPAM  80. 00. 30-01471
150388 394716 752047 ROLLINS ENV SERVICES DP 3 22.3 85. MRPA 75. 85. -
150390 395020 751340 GLOUCESTER CO SA GCSA1 7] 10. 107. MRPAM 91, 106. - 30-01262
150398 394935 751938 PETTIT, LOUIS 419 1. 60, MRPAL 50. 60, 30-02016
150399 394900 751913 ALLIED ENERGY NO-1 1977 10. 101. MRPAM 71, 9L 30-01616
150406 395033 751527 MOBIL OIL COMPANY POLLUTE 1 20. 91, MRPAM 51, 91. 30-01966
150407 395020 751527 MOBIL OIL COMPANY POLLUTE 2 20. 91, MRPAU  51. o1, 30-01965
150409 394710 752240 LOGAN TWP MUA ND-1-1975 20, 93.9 MRPAM 499 93.9 30-01448
150410 395213 750936 TEXAS OIL CO EAGLE POINT 4A 5. 296. MRPAL,  256. 296. 31-10647
150411 395113 751513 AIR PRODUCTS NO-1-1978 20, 273. MRPAL 238, 268. 30-01639
150416 395020 751513 MOBIL OIL COMPANY 2-1978 20. 48. MRPAU 183 48. 30-01812
150423 395007 751513 MOBIL OIL COMPANY MOBIL 28 10. 136. MRPAM  87. -136. -
150428 395043 751502 MOBIL OIL COMPANY MOBIL 36 25, 138. MRPAM 111, 138. -
150430 395156 750938 COASTAL EAGLE PT OIL CO EAGLE POINT 6A 15, 331, MRPAL  256. 328. 31-17788
150431 395034 750842 WOODBURY WD RED BANK 6 30. 305. MRPAM  2t1. 305. 33-07973
150434 395224 750734 WESTVILLE WD WWD6 15. -- MRPAL 265, 37 31-17923
150437 395008 751007 POLYREZCO POLYREZ 1R 50, 142, MRPAU 127, 142, 31-17980



Table 8. Well-location and -construction dafa -- continued

0L

Depth Depth o
Land- Depth 1o top Batlom  N.J.
Surface of of Well  of Well  ‘Well
Well Lati-  Longi- l-ocal Elevation  Well Opening  Opening  Permil
Number (nde tude Owner Identifier (It nsh) (fLbls) Aquifer  (ILbIS) (L bls) Number

150439 395048 751401 ESSEX CHEMICAL CO ESSEX 2 10, 235. MRPAL 215, 235. 30-01175
150444 394756 752344 MONSANTO CHEM m 15.7 70. MRPA 65. 70. 30-02032
150450 394750 752331 MONSANTO CHEM 10D 12.9 65.3 MRPAM 603 65.3 30-02026
150453 394832 751846 GAVENTA, AL & SON 30-1946 10, 6l MRPAM 51, 61, 30-(n946
150475 394754 751920 USEPA 101 857 KYR MRPAL) 35, KYS 30-02376
150476 394800 751927 USEPA 102 15.05 38. MRPALE 36, 8. 30-02377
150478 394806 751929 USEPA 104 10.05 21, MRI'AL 19, 21. --

150481 394814 751920 USEPA 107 9.3 38. MRIPAM 16, 34, 30402381
150533 395155 751051 NATIONAL PARK WD NPWD 6 22. 272. MRPAL 240, 272, 31-17938
150539 394751 751907 US EPA-SWINDELL, NORMAN  §-6 0. 70. MRPAM 60, 70. 30-03067
150540 394800 751936 USEPA EPA 108 7.1 97. MRPAM 87 97. 30-02621
150543 394755 751956 CHEMICAL LEAMAN CL1 13.82 30. MRPAU 15, 30. 30-(2384
150544 394752 751951 CHEMICAL LEAMAN CL4 8.2 46. MRPAU 41, 46. 30-02385
150546 394759 751948 CHEMICAL LEAMAN CL2 10.17 30, MRPAU 20, 30. 30-02387
150548 394755 751952 CHEMICAL LEAMAN CLDW 10. 45, MRPAL 30 45. 30-02504
150549 394757 751945 CHEMICAL LEAMAN DWI1 7.04 97. MRPA 94.5 97, 3002423
150550 394759 751949 CHEMICAL LEAMAN DW2 10,17 2. MRPAM  99.5 102. 30-02425
150554 304808 751914 USEPA REGION H S-2A 9. 14. MRPAU 4, 4. 300307
150555 394808 751914 USEPA REGIONII S-20 10.89 50, MRPAM 40, 50. 30-03072
150556 394808 751914 USEPAREGIONII §-2C 1113 108, MRPAM 98, 108. 30-03073
150564 394802 751933 US EPA-GAVENTA §-9 6.8 52. MRPAU 42, 52, 30-03081
150569 394529 752045 PURELAND WATER CO PWC3 32 201. MRPAM 161, -201. 30-02405
150570 394705 752109 ROLLINS ENV SERVICES w23 0.47 13.5 MRPAU 8.5 13.5 30-02521
150572 394722 752054 ROLLINS ENV SERVICES wi8 12.95 201 MRPAU 10.1 20.1 -

150573 394715 752050 ROLLINS ENV SERVICES u 22.11 222 MRPAU 19.7 222 -

150575 394719 752108 ROLLINS ENV SERVICES MA 11D 1.31 55. MRPAM 45, S5, an-ms5Hl
150576 394719 752108 ROLLINS ENV SERVICIS MA 111 1.22 29. MRPAL 19. 29. 30-02512
150577 394717 752108 ROLLINS NV SERVICES MA 8D L9 49, MRPAM 39, 49, 30-02497



Table 8. Weil-location and -construction data -- continued

Y2

Depth Depth 0
Land- Depth o o Bottlom N,
Surlace of of Well  of Well  Well
Well Lat- Longi- Local Elevation  Well Opening  Opening  Permit
Number tude tude Owner Identificr {f1 asl) (fibls) Agquifer (L bls) (It bls) Number
150578 394717 752108 ROLLINS ENV SERVICES MA 8L - 1.89 35. MRPAU 25. 3s. 30-02498
150579 394717 752108 ROLLINS ENV SERVICES MA 8§ 1.84 13.5 MRPAU 8.5 13.5 30-(2499
150580 394718 752102 ROLLINS ENV SERVICES MA 5D 245 60, MRPAM 50 60, 30-02488
150581 394718 752102 ROLLINS ENV SERVICES MA 51 248 7. MRPAL! 27. 37 30-02489
150582 394715 752106 ROLLINS ENV SERVICES MA 1D 1.64 a7, MRPA 57. 67, 30-02482
150583 394715 752106 ROLLINS ENV SERVICIS MA 1 1.67 35, MRPALI 25. 3s. 30-02483
150584 394715 752106 ROLLINS ENV SERVICES MA 1S 1.68 10, MRPAU 5. 10. . 30-02484
150585 394704 752058 ROLLINS ENV SERVICES DP3 1.5 89. MRPAM 79, 89, 30-02522
150586 394720 752052 ROLLINS ENV SERVICES P4 11.6 125. MRPAM 95, 125. 30-02539
150587 394707 752055 ROLLINS ENV SERVICES C 9.6 35. MRPAU  30. 35, e
150588 394717 752109 ROLLINS ENV SERVICES 31D 5.6 70. MRPAM 40, 70, 30-02634
150589 394717 752109 ROLLINS ENV SERVICES 318 56 40. MRPAU 10. 40, 30-(2633
150590 394717 752112 ROLLINS ENV SERVICES 26 1.5 25, MRPAU 15. 25. 50-00021
150591 394716 752115 ROLLINS ENV SERVICES 25 34 19.7 MRPAL 9.7 19.7 30-01303
150592 394710 752107 ROLLINS ENV SERVICES 22 (RP OBS 2/12) 5.6 19.7 MRPAU 9.7 19.7 30-01305
150593 394707 752102 ROLLINS ENV SERVICES 208 4.2 25. MRPAU 15. 25, -
150594 394714 752110 ROLLINS ENV SERVICES 15 9.1 26. MRPAU 12, 26. -
150595 394714 752106 ROLLINS ENV SERVICES 4 5.52 18.5 MRPAL 14, 18.5 -
150597 394730 752406 MONSANTO CHEM 28D 8. 68, MRPA 63. 68. 30-02136
150601 394736 752334 MONSANTO CHEM 35D 13 75. MRPAM  70. 75. 30-02123
150602 394741 752416 MONSANTOQ CHEM 5D 10. 89. MRPA 84, 89. 30-02135
150606 394758 751948 CHEMICAL LEAMAN -9 ) 4.67 563 MRPAU 0.63 563 -
150615 394637 751916 US GEOLOGICAL SURVEY SHIVELER LOWER ° 29.3 388. MRPAL  378. 388. -
150617 394637 751916 US GEQLOGICAL SURVEY SHIVELER UPPER 30.6 70. MRPAU  60. 70. -
150618 394804 751933 US GEOLOGICAL SURVEY GAVENTA DEEP 1. 240. MRPAL 230, 240. -
150620 394804 751933 US GEOLOGICAL SURVEY GAVENTAMIDDLET 7. 141. MRPAM 131, 141, 30-03677
150626 394729 752101 ROLLINS ENV SERVICES MW 1028 11.78 19. MRPAU 9. 19, 30-33900
150627 394644 752136  LOGAN TWP-PURELAND MW 103 D 7.38 75. MRPAU G5 5. 30-33926



Table 8. Well-location and -construction data -- continued

Depth Depth 10
Land- Depth 10 10p Botlom  N.J.
Surlace of of well  of Well  Well
Well Lati- Longi- Local Llevation  Well Opening  Opening  Permil
Number tude tude Owner ldentilier (ftasl) (nLhls) Aquifer  (ILbls) {ft his) Number
150632 394945 751649 HERCULESINC HERCULES PW 6 9. 19. QRNR 14. 19. 30-03315
150634 394944 751750 EIDUPONT OBS 40 5 141, MRPAL  136. 141. -
150652 395017 751639 HERCULES CHEMICAL Mw 12 1.2 24, MRPAM  17. 24, 30-03024
150657 394941 751737 E1DUPONT OBS 38 2.16 94, MRI'AM 89, 94, 30-03461
150668 394944 751648 HERCULES CHEMICAL MW 10C 7.83 112, MRPAM 92, 12, 30-03370
150672 395014 751459 AIR PRODUCTS 2-NORTIE WIELL 20, 204, MRPAL. 244, 264. 30-01640
150673 395100 751420 BPOIL ' BL-3 5.4 95. MRPAL 70, 95, 30-02856
150674 395053 751346 ESSEX CHEMICAL CC Ons1 0. 40.5 MRPAU 205 40.5 30-01511
150675 394829 751615 EM DIAGNOSTIC SYSTEMS MW-4 12.8 10, WBMV 3. 10, 30-03856
150678 394946 751612 MOBIL OIL COMPANY w-5C 9.4 204. MRPAL 194, 204. 30-03625
23 150679 394946 751612 MOBIL OIL COMPANY W-5D 9.7 128, MRPAM 118, 128, 30-03624
150680 395038 751605 MOBIL OIL COMPANY W-7C g.66  196. MRPAL  186. 196. 30-03602
150681 395038 751605 MOBIL OIL COMPANY W-7D 8.7 70, MRPAM 60, 70, 30-03601
150682 395048 751518 MOBIL OIL COMPANY W-8D 1079 115 MRPAM 105, 115, 30-03607
150683 395021 751533 MOBIL OIL COMPANY Ww-9D 10,7 102. MRPAM 92, 102 30-03613
150692 394952 751734 EIDUPONT INTERCEPTOR 46 5. 136, MRPAM  96. 136. 30-03594
150714 394707 752058 ROLLINS ENV SERVICES GG " 846 13.7 MRPAU 10.7 13.7 -
150770 395202 751115 US GEOLOGICAL SURVEY NAT PK #1-PW-L 10. 229, MRPAL 24, 224, 31-26237-6
150771 395202 751115 US GEOLOGICAL SURVEY NAT PK #12-'W-M 10, 128. MRIPAM 923 123, 31-26243
150778 395223 751117 US GEOLOGICAL SURVEY NAT PK #9-OW-BL 20, 195. MRPAL 170, 190. 31-26245
150780 1395223 751117 US GEOLOGICAL SURVEY NAT PK #10-OW-BM 5. o0. MRPAM 75, 85. 31-26244
150814 395024 751521 MOBIL OIL COMPANY RW-12 213 60. QRNR 15. © 55, 30-02336
150815 395027 751528 MOBIL OIL COMPANY RW-11 18.5 57. QRNR 12 52. 30-02335
150816 395035 751543 MOBIL OIL COMPANY RW-17 232 24. QRNR 3. 15. 30-02338
150817 395039 751547 MOBIL OIL COMPANY RW-16 - 174 24. QRNR 4. 16. 30-02341
150818 395005 751517 MOBIL OIL COMPANY RW-15 13.7 24, QRNR 2 10. . 30-02339
150819 395011 751513 MOBIL OIL COMPANY RW-14 17. Gl QRNR 15. 55. 30-02334
150820 395038 751514 MOBIL Ol COMPANY RW-2 21.5 483 QRNR 183 48.3 -
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Table 8. Well-location and -construciion dita -- continued

Depih Depih 1o

Land- Depth 10 op Bouom  NJ.

Surlace of of Well  of Well  Well
Wwell Lati- Longi- Laocal Elevation  Well Opening  Opening  Permit
Number tude tude Owner Tdentifier (fLash) (ILbis) Aquifer ([ bls) ({Lbls) Number
150821 395047 751512 MOBIL OIL COMPANY RW-3 22,1 59. QRNR 19, 54, 30-01908
150822 395042 751515 MOBIL OIL COMPANY Rw-4 20.3 56. QRNR 16. 51. 30-01910
150823 395037 751500 MOBIL OIL COMPANY RW-3 25.4 58. QRNR 18. 53. 30-M909
150824 395033 751457 MOBIL Ol COMPANY RW-6 18.8 335 QRNR 13.5 48.5 30-01905
150825 395027 751506 MOBIL OIL COMPANY RW-7 1.3 53.5 QRNR 13.5 48.5 --
150826 395022 751458 MOBIL OIL COMPANY RW-§ 19, 55, QRNR 15. 50, 30-01906
150827 395021 751533 MOBIL OIL COMPANY RW-9 11.1 50.5 QRNR 5.5 45.5 -
150828 395024 751600 MOBIL OIL COMPANY RW-18 11.7 30. QRNR 1. 17 --
150832 395043 751527 MOBIL OIL COMPANY RW-13 19.8 58. QRNR 13. 53. 30-02340
150833 394942 751655 HERCULES CHEMICAL PW-10 I1. 44.5 MRPAM 145 44.5 -
150834 394941 751650 HERCULES CHEMICAL PW-9 11.1 43, MRPAM 13, 43, -
150835 394938 751653 HERCULES CHEMICAL PW-8B 12.2 75. MRPAM 295 69.5 -
150836 394937 751655 HERCULES CHEMICAL PW-§ 14.5 199 QRNR 9.9 19.9 -
150837 394938 751649 HERCULES CHEMICAL PW-7B 15.2 75. MRPAM 35 75. -
150838 394942 751655 HERCULES CHEMICAL PW-5B 11.6 43. - MRPAM 23, 43, -
150839 395052 751408 BPOILCO RW-3 11.6 85. QRNR 25. 85. 30-03430
150963 394822 752025 POLYREZ CO INC POLYREZ 1-1971 10. 90.2 MRPAM 6. R3. 30-M252
151034 394910 751658 HERCULES INC HERCULES PW 11 10, 120, MRPAM 90, 120, 30-04319
151061 394948 751526 MOBIL OIL COMPANY W-4D 4, 152, MRPAL 142, 152. 30-03612
151062 394948 751526 MOBIL OIL COMPANY 4-C 4. 108, MRPAL 188 198. 30-03611
330032 392743 753201 PUBLIC SERVICE E-G PW 3 12, 293. MLRW 242, 293. 3400758
330033 392751 752441 L ALLOWAY CR SC LACTES 1 14, 340. MLRW -- - -
330034 392742 753200 PUBLIC SERVICE E-G PW I 7. 298, MLRW 248, 298, 34-00737
330035 392744 753206 PUBLIC SERVICE E-G PW 2 9. 281, MLRW 230, 281. 34-00757
330037 392800 753208 PUBLIC SERVICE E-G PW 4 20. 265. MLRW 215, 2065. 34-00759
330043 393446 752720 MANNINGTON MILLS 3-1956 10. 142, MLRW 122, 142, -
330044 393446 752721 MANNINGTON MILLS SCHULTES 3 <10 127. MIRW 96. 127, 30-00735
330045 393451 752716 MANNINGTON MILLS 1-1956 20 135, MLRW 115, 135, -
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Table 8. Well-location and -construciion dafa -- continued

Depth Depth to

Land- Depih 0 top Bottom  NJ.

Surlace of of Well  of Well  Well
Well Lati-  Longi- Local Llevation  Well Opening  Opening  Permit
Number tude tude Owner Tdentilicr (Masl) (ftblsy  Aquifer ({1 bls) (fubis) Number
330046 393451 752719 MANNINGTON MILLS SCHULTES 2 20. 130, MLRW 90, 130. -
330048 393454 752723 MANNINGTON MILLS 2-1956 5. 135. MLRW 115. 135. -=
330050 393538 752640 SALEM MEM HOSTP HOSP 1-1950 20. 100. MLRW 73. 7. -
330051 393538 752642 SALEM MEMIIOSP HOSP 2-1954 20. 112, MILRW 82, na, 30-00279
330055 393555 752550 HARRIS, EDWARD IF HARRIS 1 27. 38, MILRW k1B I8, -
330065 393912 752436 EIDUPONT COURSE LAND 31 30. 512, MRPAM 501, 512, -
330066 393912 752436 E I DUPONT COURSE LAND 3C 0. 386. MRPAM 375, IR6. -
330076 394328 752446 DAWSON,HW DAWSON 1 27. 124. MRPAU 118, 123. 30-00661
330077 394434 752514 PENNS GROVE WSC PEDRICKTOWN 11 10, 178. MRPAM 133, 178. --
330079 394540 752519 NOSTRIP CHEMICALS NOSTRIP 1 10, 122. MRPAM 107, 122. 30-01149
330080 394542 752510 AIR REDUCTION AIRCO 1 15, 132. MRPAM 112, 132. 30-00074 -
330082 394542 752603 BRIDGE, BRUCE 1 BRIDGE 6. 205, MRPA - -- 30-00660
330083 394547 752535 B FGOODRICH CO 9 (PW-1) 10. 133. MRPAM 93, 133. -
330085 394556 752530 B F GOODRICH CO 6 (PW-2) 10. 129. MRPAM 109, 129. 30-01141
330086 394557 752523 B FGOODRICH CO 4 (PW-3) 13. 189, MRPAL 169, 189. 30-01139
330103 394346 752828 PENNS GROVE SA SEWERAGE AUTHI R. 60, MRPAM 50, 60. 30-00467
330104 394220 752727 EIDUPONT RANNEY WELL CP 11. 49, MRPA 45. 49, 50-00039
330105 393458 752945 LOVELAND,SCII PILWORTH/LOVELAN 10. 263, MRPAU - -- .-
330106 393514 752917 LINSKI, ALEX 1 5. 366. MRPAM 359, 365. .=
330107 393620 753310 NJ DEPT CONSERV FT MOTTSP 1 R. 320. MRPAM 300 320. -
330108 393641 753322 US ARMY FINNS POINT 7. 319. MRPAM  290. 319, 30-00052
330109 393734 753149 SIEGFRIED CHEM 1973-1 5. 131, MRPAU 116, 131 30-01322
330112 393754 753147 PENNSVILLE TWD PTWD 4 10. 137. MRPAU 117, 137. 30-01033
330117 393954 753013 PENNSVILLE TWD PTWD3 7. 102. - MRPAU 87 102. - 30-00451
330118 393958 753045 PENNSVILLE TWD PTWD ] 1 238. MRPAM  213. 238. 50-00041
330119 394009 753043 PENNSVILLET WD PTWD?2 7. 232. MRIPAM 210, 230. 30-0001R
330121 394046 753022 ATLANTIC CITY ELEC DEEPWATER 3 19. 239, MRIPAM 169, 239, =
130122 394045 753018 ATLANTIC CITY ELEC DEEPWATER 3R 10. 235. MRPAM 165, 235. 30-M234
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Table 8. Well-location and -construction data ~- continued

Depth. Depth o

Lanl- Depth 10 top Bottiom  NJ.

Surlace of of Well  ofwell  Well
Well Lati- Longi- Local Llevation  Well Opening  Opening  Permit
Number tude tude Owner Identifter (ftasl) (fthls) Aquilfer ([t bls) (L bls) Number
330123 394047 753027 ATLANTIC CITY ELEC DEEPWATER 2 10. 235. MRPAM 154, 234. 50-00001
330125 394051 753030 ATLANTIC CITY ELEC DEEPWATER 5 10, 219. MRPAM 149, 219, 30-00151
330126 394057 752950 EIDUPONT RANNEY 7 15, 140, MRPAU 52 140, 30-01080
330127 394100 753030 ATLANTIC CITY ELEC DEEPWATER 6 10, 188, MRPAM 158, 188. 30-00698
330128 394102 752946 E1DUPONT RANNLY G/(INT-100) 15, 00, MRPAL 50, 00, -
330129 394107 752858 E1DUPONT CHAMDIIRS INJ 1 8. 240, MRI'AM -- - 30-M018
330135 394110 752955 EIDUPONT RANNEY 5 16. 116. MRPALL 47, 116. J0-(X987
330136 394110 753013 EI1DUPONT CHAMBERS IN] 2 4. 247, MRPAL - - 30-01053
330137 394112 753028 EIDUPONT DRINKWATER 8 14, 361, MRPAL 317 347. 50-00003
330138 394131 753008 EIDUPONT CHAMBERS INJ 3 5. 462, MRPAL 314, 462, 30-01049
330141 394131 753009 EIDUPONT CHAMBERS OB3-3 5, 207. MRPAM 197, 207 30-01052
330240 393253 752425 SALEM CITY WD SWD3 7. 140. VNCN -- -- --
330241 393253 752422 SALEMCITY WD QUINTON 10. 248, MLRW - - -
330243 393334 752724 US GEOLOGICAL SURVEY SALEM KMW 3 11, 140, MLRW -- -- --
330244 393404 752811 SALEMCITY WD SwD 4 10. 124. MLRW 93. 124, -
330245 393337 752719 SALEMCITY WD SCWD 5 B. 168. MLRW 96. 168. 30-00877
330246 393337 752720 SALEMCITY WD SWDTW3 10. 147. MLRW 102, 147, 30-00822
330247 393339 752718 US GEOLOGICAL SURVEY USGS KMW 1 8. 120, MLRL 110, 120, -
330249 393342 752718 SALEMCITY WD ) SwD2 5. 157. MLRW 110, 150, 50-00042
330251 393348 752755 US GEOLOGICAL SURVEY SALEM 1 OBS 3. 709. MRIPAM 699, 709, -
330252 393348 752755 USGEOLOGICAL SURVEY SALEM 2 0BS 3.25 96. MLRW 91. 6. -
330253 393348 752755 US GEOLOGICAL SURVEY SALEM 3 OBS 3. 340. MRPAU 335, 340, -
330256 393420 752751 SALEMCITY WD SWD1 17 136. MLRW 86, 136. -
330299 393957 752432 EIDUPONT COURSELAND 1A 26. 614, MRPAM 604, 614. 30-01081
330300 393957 752432 EIDUPONT COURSELAND 1B 25. 517, MRPAM  507. 517. -
330302 394000 752439 EIDUPONT COURSE LAND 2A 0. 593. MRPAM 583, 593. -
330304 394000 752439 EIDUPONT COURSE LAND 2C 30. 445. MRPAM 435 445. -
330307 394058 752918 EIDUPONT RANNEY 1 8. 60, MRIPPAU -- - -
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Table 8. Well-location and -construcfion data -- continued

Depth Depth 10
J.and- Depth o top Botlom  NJ.
Surface of of Well  of Well  Well

Well Lati-  Longi- Local Elevation  Well Opening  Opening  Permit
Number tude tnde Owner Identificr (it asl) (fubls) Aquifer  (fLbls)-  (fthls)  Number
330308 394058 752918 EIDUPONT RANNEY 2 18. 480. MRPAL -- - -
330309 394058 752918 EIDUPONT RANNEY 3 18. 69. MRPAL]  49. 69. -
330310 394058 752918 E1DUPONT RANNEY 4 R. 69. MRPA 49. 69. -
330313 394110 753008 EI1DUPONT 107 5. 109, MIRIPAM - - -
330314 394112 752928 EI1DUPONT 105 8. i1, MRPAM - - 30-01273
330316 394121 752921 EI1DUPONT 112 5 85, MRPAKI -- - 30-02322
330317 394127 752953 EIDUPONT LLAYNI 2 5. 159. MRT'AM -- .-
330318 394127 753020 EI1DUPONT LAYNIE1 6. 360. MRPAL - - -
330319 394139 752925 EIDUPONT 104 5. 105. MRPAM -- - 30-01272
330320 394140 752953 EIDUPONT LAYMNE 3 5. 190, MRPA -- - -
330321 394143 752940 EIDUPONT 103 5 92. MRPAM -- - 30-(n271
330322 394149 752916 EIDUPONT CARNEY PT 2 5. 219, MRPAM 169 219, 50-00004
330325 394149 752918 EIDUPONT CARNEY PT3 5 102. MRPAU -- - --
330326 394153 752928 EIDUPONT CARNEY PT4 5. 86, MRPAU -- - 30-00423
330327 394153 752927 EIDUPONT 1 5. 200. MRPA -- -
330328 394157 752918 EIDUPONT CARNEY PT 1 5. 104, MRPAM 175 195. 30-01109
330330 394205 752657 PENNS GROVE W3C LAYTON 11 16. 394, MRPAL - - 50-00098
330331 394205 752657 PENNS GROVE WSC SCHULTES WELL 14, 62, MRPAM 47, 62, 30-01099
330333 394208 752859 EI1DUPONT CARNEY PT 5 5. B1. MRPAL - - 30-00620
330334 394211 752901 EIDUPONT CARNEY PT 6 5. 185. MRPAM 157, 182. 30-00621
330335 394212 752751 EIDUPONT CARNEY PT 7 il 435. MRPAL  270. 430. 30-01133
330337 394214 752851 EIDUPONT LAYNE TEST 3 5. 86. MRPA 62. 86. 30-00524
330342 394236 752724 STATE OF NJ-WATER POLICY PENNS GROVE 24 17.94 51 MRPAU 46, 51. -
330345 394241 752711 PENNS GROVE WSC PGWSC 2B/RF1A 10. 60. MRPAU  45. 58. 50-00102
330346 394256 752718 PENNS GROVE WSC LAYNE 1 19, 357. MRPAL 317, 357. 30-00563
330347 394256 752723 PENNS GROVE WSC RANNLY 17. M. MRPAL - - 50-00040
330360 393750 753131 PENNSVILLET WD PTWD § 10 125. MRPAL 101, 17, 28-10466
330361 394205 752700 PENNS GROVE WSC SCIULTES 4 13, 64, MRPAL 44, 54. 30-01815
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Table 8. Well-location and -construction data -- continued
Depth Pepih 1o
Fand- Depth 1 fop Dotftim NJ.
Swurlace of of Well  of Well  'Wel

Well Lati-  Longi- Local Llevation  Well Opening  Opening  Penmit
Number tude tude Owner ldentilier (M1 ast) (M bls) Aquifer  (ftbls).  (ftbls) Number
330364 392743 753158 PUBLIC SERVICE E-G PW 5 17. 840. MRPAM 765, 840, 34-01031
330368 393253 752425 SALEMCITY WD QUINTON 5 7. 133, VNCN -- .- --
330370 394449 752554 GRIM, EUGENE 1 25. 52. MRPAL 42, 52. 30-01800
330381 393453 752709 MANNINGTON MILLS MILLS 6 10. 135. MI.RW 84.7 125. 30-01505
330383 392743 753128 DPUBLIC SERVICE -G 174 15, 31 MILRW - - -
330385 392754 753215 PUBLIC SERVICIE E-G 3-74 5. 946. MRIA -- - --
330401 392751 753207 PUBLIC SERVICE -G TEST 1-80 20. 1,1730. MRPA 1,110, 1,130. --
330406 394200 752713 PENNS GROVE W5C NO-1-1956/LAYNEET 20, 360. MRPAL  317. 157. 30-00563
330409 393500 752647 MANNINGTON MILLS RIPL 1968 1 155. MLRW 130). 155. 30-01153
330419 394540 752540 NLINDUSTRIES MONITOR 8R 10 108. MRPAM 101, 108. -
330420 394540 752540 NL INDUSTRIES MONITOR 9R2 10. 61. MRPAM 53 61, -~
330421 393907 752652 SPARKS, MAYIIEW 1 15. 340 MRPAM 332, 340. 34-00707
330426 393451 752718 MANNINGTON MILLS 2-1967 10, 127. MLRW #7. 127 -
330428 394245 752718 PENNS GROVE WSC PGWSC 2A 19. 60. MRPAU - -- -
330430 394546 752521 B FGOODRICH CO 1 10. 133, MRPA 93.2 133. --
330432 394553 752513 B FGOODRICH CO 3 10. 195. MRPAL  180. 195. 50-00079
330435 394548 752530 B F GOODRICH CO 2 10. 124. MRPAM 104, 124. -
330430 394449 752351 BOND, WILLARD K 1 25. 59, MRPAL 49, 59. 30-02665
330452 392751 753207 PUBLIC SERVICE -G 1O CRIIEK 10, #17. MRPAM 746, R17. 34-M074
330453 393957 753017 PENNSVILLE T WD PTWD 6 10. 114. MRPA 99. 114. 30-03013
330457 392751 753207 _PUBLIC SERVICE E-G PSEG 6 20. 1,130. MRPA 1,110, 1,130. --
330460 394247 752714 PENNS GROVE WSC PGWSC 1A/RF2A 19, 61. MRPALU 41, - 61 30-03310
330461 394207 752645 TOMARCHIO, FRED W DOMESTIC 20. - MRPA -- -- 30-03814
330553 393700 752538 SEABROOK,JOHNM SALEM FARMS 5 50. MILRW 20. 50. 30-03440
330602 394043 753030 EIDUPONT CHAMRBERS 108 5. 86.2 MRPAM  43.1 86.2 30-03368
330657 394358 752344 MUSUMECI, ANTHONY MUSUMECT IRRIG 45, 260. MRPAM 160, 260, 30-02862
330671 393954 753013 PENNSVILLE TWD FTWD 3A 7. 104, MRPAU 87, 102. 30-05148
330683 394109 752954 EI1DUPONT RANNEY 5-R 16. 118, MRIPALL 47, n7. --

10. 130. MRPAU 110, 130. 30-08335

330686

393749 753149

PENNSVILLE TWP
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